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ABSTRACT
A c o m p u te r  m odel was d e v e lo p e d  w h ich  d e s c r i b e d  s a l t  and w a t e r  
b a l a n c e s  f o r  a  s i l t  loam  s o i l  common t o  t h e  G rand P r a i r e  p h y s i o g r a p h i c  
r e g i o n  o f  A rk a n s a s .  A t e n  y e a r  p e r i o d  o f  w e a th e r  d a t a  (1 9 6 6 -7 5 )  was 
u s e d  a s  i n p u t  d a t a  f o r  two d i v e r g e n t  c a s e s  i n  r e g a r d  t o  s a l t  accumul a t i o n .  
C ase  one  was a  r i c e - s o y b e a n  r o t a t i o n  w i t h  s o y b e a n  i r r i g a t e d ,  w h i l e  c a s e  
two was a  r i c e - s o y b e a n - s o y b e a n  r o t a t i o n  w i t h  s o y b e a n  n o t  i r r i g a t e d .
S a l t s  c o n s i d e r e d  w ere  c a l c iu m ,  m agnes ium , so d iu m , s u l f a t e  and c h l o r i d e  
a s  w e l l  a s  t h e  p r e c i p i t a t e ,  c a l c iu m  c a r b o n a t e .  W here s o y b e a n s  w e re  n o t  
i r r i g a t e d  l e s s  e v a p o t r a n s p i r a t i o n ,  m ore  i n f i l t r a t i o n  and  l e s s  r u n o f f  
w e re  o b s e r v e d  d u r i n g  t h e  f a l l o w  s e a s o n  th a n  i n  t h e  c a s e  w h e re  s o y b e a n s  
w ere  i r r i g a t e d .  O th e r  d i f f e r e n c e s  i n  t h e  w a t e r  b a l a n c e s  w e re  s m a l l .  
A nnual s a l t  a d d i t i o n s  w ere  s u b s t a n t i a l l y l a r g e r  i n  t h e  c a s e  w here  so y ­
b e a n s  w ere  i r r i g a t e d  and  r i c e  o c c u r r e d  m ore  f r e q u e n t l y  i n  t h e  r o t a t i o n .
A m a j o r i t y  o f  s a l t  a d d i t i o n s  w e re  found  d u r i n g  t h e  r i c e  s e a s o n  f o r  e i t h e r  
c a s e  s t u d i e d .  As i r r i g a t i o n  w a t e r  c o n c e n t r a t i o n  i n c r e a s e d  f o r  a  g i v e n  
s a l t ,  t h e  a c c u m u la t io n  o f  t h a t  s a l t  i n  t h e  s o i l  a l s o  i n c r e a s e d  i n  a  
l i n e a r  m a n n e r .  The r a t e  o f  t h i s  i n c r e a s e  was l a r g e s t  f o r  s u l f a t e  and 
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The co m pu ter model d e s c r ib e d  below  i s  an  u p d a te d  v e r s io n  o f  a  model 
d ev e lo p e d  p r e v io u s ly  (C. Regan 1978. A S a l t  and W ater B a la n c e  f o r  an 
I r r i g a t e d  S o il .  M.S. T h e s is .  U n iv e r s i ty  o f  A rk a n s a s ) .  The com pu ter 
m odel s im u la te d  w a te r  and s a l t  b a la n c e s  f o r  C row ley  s i l t  loam s o i l  (T yp ic  
A lb aq u a l f s ) fou n d  in  th e  Grand P r a i r i e  p h y s io g ra p h ic  r e g io n  o f  A rk an sas  
c ro p p ed  to  r i c e  ( O ryza s a t i v a  L .)  and so y b ean  (Gl y c i n e  max L. M e rr) . W ater 
in p u t s  ( p r e c i p i t a t i o n ,  i r r i g a t i o n )  and o u tp u t s  ( e v a p o r a t io n ,  t r a n s p i r a t i o n ,  
r u n o f f )  a s  w e l l  a s  r e d i s t r i b u t i o n  o f  w a te r  w i th in  a  158 cm (62 in )  s o i l  
d e p th  w ere d e s c r ib e d .  S a l t  i n p u t s  ( i r r i g a t i o n ,  f e r t i l i z e r )  and o u tp u ts  
(c ro p  u p ta k e ,  e r o s io n ,  r u n o f f )  w ere  u sed  to  d e p i c t  n e t  s a l t  b a la n c e s .
P h y s ic a l  and ch e m ic a l v a r i a b l e s  u sed  in  com pu ting  th e  w a te r  and s a l t  
b a la n c e s  w ere a d ju s te d  to  v a lu e s  w hich  had been  o b ta in e d  in  p re v io u s  s t u d i e s  
o r  v a lu e s  w hich  w ere b e s t  e s t im a te s  o f  a p a r t i c u l a r  phenom enon. V a r ia b le s  
w hich  w ere a d j u s t a b l e  w e re : a )  i r r i g a t i o n  w a te r  q u a l i t y ,  b) r a t e  o f  KC1 
f e r t i l i z e r ,  c ) c ro p  r o t a t i o n ,  and d) i r r i g a t i o n  o f  so y b ean . W ea th er d a ta  
(mean w eek ly  pan  e v a p o r a t io n ,  w eek ly  p r e c i p i t a t i o n )  w ere  u sed  f o r  th e  10 
y e a r  p e r io d  from  1966 to  1975.
To f a c i l i t a t e  c o m p u ta tio n  o f  w a te r  movement th ro u g h  and l o s s  from  th e  
s o i l ,  th e  s o i l  p r o f i l e  was d iv id e d  i n t o  3 m a in  l a y e r s  g iv e n  i n  T ab le  1 a s  
SMD1, SMD2 and SMD3. T hese  m ain  h o r iz o n s  w ere  f u r t h e r  d iv id e d  i n t o  s u b la y e r s  
SEG (l) to  SEG (9). The p o r o s i t i e s  and w a te r  c o n t e n t s  a t  s a t u r a t i o n  o f  each  
s u b la y e r  a r e  a l s o  g iv e n  in  T ab le  1.
MODEL DESCRIPTION
A q u is i t i o n  o f  In p u t  D a ta  and R o u tin g
O v e ra l l  program  c o n t r o l  and r o u t in g  i s  p r e s e n te d  in  F ig .  1 . A f te r  
e n t e r in g  i n i t i a l  v a lu e s  and c o n s ta n t s  f o r  th e  v a r io u s  p o r t i o n s  o f  th e  model 
d e s c r ib e d  below , i r r i g a t i o n  w a te r  q u a l i t y  ( c a lc iu m , m agnesium , sodium , p o ta s s iu m
2
T ab le  1 . D e s c r ip t io n  o f  s o i l  l a y e r s .
Main s o i l  
l a y e r
Sub­
la y e r T e x tu re
D epth*
(cm)
P o r o s i ty
(%)
cm H2O a t  














































*D epth o f  each  s o i l  l a y e r  in  s e q u e n c e .
3
OVERALL PROGRAM CONTROL
enter initial values and constants
get water quality and management data
set year and crop
get weather data (precipitation, pan evaportion)
 yes
is year = 1 1  go to output section 
noyes
is crop = rice and week 22 to 36
yes no
is crop = soybean and week 21 to 42
no
go to fallow section
go to soybean section
go to rice section
no yes
is week = 52
F ig .  1 -  O v e ra ll  program  c o n t ro l  and r o u t i n g .
4
and s u l f a t e  in  m eq/1) and c rop  management ( r a t e  o f KC1 f e r t i l i z e r ,  c ro p  
r o t a t i o n ,  soybean  i r r i g a t i o n  i n s t r u c t i o n s )  d a ta  w ere o b ta in e d .  Y ear and 
c rop  w ere th e n  s e t  (c ro p  = 1 ( r i c e ) ,  c ro p  = 2 o r  3 (so y b e a n ))  and w ea th e r 
d a ta  f o r  week 1 o b ta in e d  from  th e  w e a th e r  f i l e  ( s e e  A ppendix I ) . A s e r i e s  
o f  lo g ic  s te p s  fo llo w ed  to  r o u te  th e  program  c o n t r o l  to  f a l lo w ,  r i c e  (when 
c ro p  = 1 and week = 22 to  36) o r  soybean  (c ro p  = 2 o r  3 , week = 21 to  42) 
s e c t i o n s .  A f te r  c o m p u ta tio n s  o f  w a te r  and s a l t  b a la n c e s  w ere made w ith in  
th e  a p p r o p r ia te  s e c t i o n ,  e i t h e r  a) new w ea th e r  d a ta  w ere o b ta in e d  and ro u t in g  
was fo llo w ed  to  f a l lo w ,  r i c e  o r  soybean  s e c t io n s  a s  a p p r o p r ia t e ,  o r  b) crop  
a n d /o r  y e a r  w ere in c re m en ted  and ro u t in g  fo llo w ed  a s  b e f o r e .  W ith t h i s  ap­
p ro a c h , th e  same y e a r 's  w e a th e r  d a ta  w ere used  f o r  a  r o t a t i o n ,  th e n  th e  n e x t 
y e a r 's  w e a th e r  d a ta  w ere u sed  f o r  th e  same r o t a t i o n  and so o n . For r i c e -  
soybean  and r ic e - s o y b e a n -s o y b e a n  r o t a t i o n s ,  20 and 30 y e a rs  o f  c a l c u l a t i o n s  
on a  w eekly  tim e  i n t e r v a l  w ere m ade, r e s p e c t i v e l y .
F allow  S e c t io n
The g e n e r a l  r o u t in g  w i th in  th e  f a l lo w  s e c t i o n  i s  p re s e n te d  in  F ig .  2.
I f  p o ta sh  f e r t i l i z e r  (KC1 ) was s p e c i f i e d ,  a  s u b r o u t in e  (FERT) w hich added 
b o th  K and C1 to  th e  s o i l  was c a l l e d .  The d e p th  o f e v a p o t r a n s p i r a t i o n  
(DET) was th e n  com puted from  pan e v a p o ra t io n  (PEVAP) u s in g  th e  s o i l  m o is tu re  
d e f i c i t  (S E G (l)) i n  th e  s u r f a c e  2 .5  cm ( 1 in )  a s  th e  o th e r  d ep en d en t 
v a r i a b l e  a c c o rd in g  to  Eq. 1 g iv e n  below ;
DET = ( - 1 .0  x SEG(l) + 1 .0 )  x PEVAP [ 1]
u n le s s  SEG(1) < 0 .2  cm o r  > 0 .8  cm w here DET was s e t  eq u a l to  0 .8  x PEVAP 
o r  0 .2  x PEVAP, r e s p e c t i v e l y .  In  t h i s  m anner DET was a  l i n e a r  f u n c t io n  o f 
PEVAP from  th e  maximum a t  SEG (l) < 0 .2  cm to  th e  minimum a t  SEG(l) > 0 .8  cm. 
S o i l  m o is tu re  c o n te n t  was d e c re a se d  to  a c c o u n t f o r  e v a p o t r a n s p i r a t io n  by 
s e q u e n t i a l l y  a d ju s t in g  th e  s o i l  l a y e r s  g iv e n  in  T ab le  1 to  maximum s o i l
5
FALLOW SECTION
add potash fertilzer if required
compute evapotranspiration (Eq. 1)
adjust soil moisture for ET
no yes
is precipitation > O compute infiltration
compute runoff adjust soil moisture
compute runoff water quality
compute water and salt balances
go to output section
F i g .  2 -  R o u t in g  d u r in g  t h e  F a l lo w  s e c t i o n  o f  t h e  p ro g ra m .
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m o is tu re  d e f i c i t  (WSAT) u n t i l  t h e  i n c r e a s e  in  s o i l  m o is tu r e  d e f i c i t  (SMD) 
o f  th e  a f f e c t e d  s o i l  l a y e r s  e q u a l le d  DET.
I f  p r e c i p i t a t i o n  o c c u r r e d ,  a  s u b r o u t in e  (RAIN) was c a l l e d  to  com pute 
i n f i l t r a t i o n  (DINFIL) and r e a d j u s t  s o i l  m o is t u r e .  W ith in  RAIN, t h e  w a te r  
movement s u b r o u t in e  (MOV) was c a l l e d  to  f u r t h e r  r e d i s t r i b u t e  s o i l  w a te r  
a c c o rd in g  to  D a r c y 's  la w . A f t e r  i n f i l t r a t i o n  was co m p u ted , r u n o f f  (DROFF) 
i f  any was ta k e n  a s  th e  d i f f e r e n c e  b e tw e en  p r e c i p i t a t i o n  and i n f i l t r a t i o n .
When no p r e c i p i t a t i o n  o c c u r r e d ,  t h e  MOV s u b r o u t i n e  was c a l l e d  and i n f i l t r a t i o n  
was s e t  to  z e r o .
W ater b a la n c e s  w ere  t h e n  a d ju s t e d  to  r e f l e c t  p r e c i p i t a t i o n ,  i n f i l t r a t i o n ,  
r u n o f f  and e v a p o t r a n s p i r a t i o n .  S a l t  b a la n c e s  w ere  a d ju s te d  f o r  s a l t  l o s s e s  
i n  r u n o f f  w a te r  ( s e e  below ) a s  w e l l  a s  e r o s io n  ( s e e  b e lo w ) .
R ic e  S e c t io n
The g e n e r a l  r o u t i n g  w i th in  th e  r i c e  s e c t i o n  i s  p r e s e n te d  i n  F ig .  3 . D uring  
th e  f i r s t  week (w eek = 2 2 ) ,  t h e  r i c e  f i e l d  was f lo o d e d  to  th e  maximum d e p th  
(DMAX). T h is  d e p th  was a d j u s t a b l e  by  e i t h e r  a l t e r i n g  DMAX o r  u s in g  th e  
same DMAX and o v e r i r r i g a t i n g  by  a  f ix e d  p e r c e n ta g e  (P 1 /1 0 0 ) .  D uring  m ost 
s im u la t io n s  DMAX and  P I w e re  10 cm (4  in )  and  0 ,  r e s p e c t i v e l y .
The d e p th  o f  e v a p o t r a n s p i r a t i o n  (DET) was th e n  com puted u s in g  Eq. 2 shown 
b e lo w ;
DET = KRICE x PEVAP [2]
w h e re : KRICE was r a t i o  o f  e v a p o t r a n s p i r a t i o n  to  PEVAP. The v a lu e s  o f  KRICE 
w ere  o b ta in e d  from  J .  A. F e rg u so n  ( p e r s o n a l  c o m m u n ic a t io n ) . From week 22 to  
2 7 , th e  DET was a p p o r t io n e d  b e tw e en  e v a p o r a t io n  (DE) and  t r a n s p i r a t i o n  (DT) 
a c c o rd in g  to  E q s . 3 ,  4 and 5 b e lo w ;








compute flood depth (Eq.6)
yes




is flood depth < minimum depth compute irrigation (Eq.7)
no compute runoff
compute flood depth (Eq.8)
compute flood water salt concentrations (Eq.9)
compute water and salt balances
go to output section
F ig .  3 -  R o u tin g  d u r in g  th e  R ic e  s e c t i o n  o f th e  p ro g ra m .
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DT = FT x  DET [4]
DE = ( 1 -  FT) x DET [5]
w h ere : FT w as t h e  f r a c t i o n  o f  DET a t t r i b u t a b l e  to  t r a n s p i r a t i o n .  Equa­
t i o n  3 was o b ta in e d  from  J .  A. F e rg u so n  ( p e r s o n a l  c o m m u n ic a t io n ) . A f t e r  
w eek 2 7 , a l l  DET was assum ed to  be t r a n s p i r a t i o n  (DE = 0 ) .  T h is  a p p ro a c h  
t o  e v a p o t r a n s p i r a t i o n  a l s o  a f f e c t e d  th e  s a l t  c o n c e n t r a t i o n  i n  th e  f lo o d ­
w a te r  b e c a u s e  o n ly  e v a p o r a t io n  was u se d  t o  a d j u s t  c o n c e n t r a t i o n .
The i n f i l t r a t i o n  o f  f lo o d w a te r  (DINFIL) was th e n  com puted  by  th e  i n f i l ­
t r a t i o n  s u b r o u t i n e  (RAIN) and  D a rc ia n  m ovem ent o f  w a te r  w i t h in  th e  s o i l  c a l ­
c u l a t e d  w i th  t h e  s u b r o u t i n e  MOV. The new d e p th  o f  f lo o d w a te r  (D2) was 
com puted  from  th e  o r i g i n a l  d e p th  (D1) a s  g iv e n  i n  E q. 6 b e lo w ;
D2 = D1 + DRAIN -  DE -  DT -  DINFIL [6 ]
I f  t h e  new d e p th ,  D2, was g r e a t e r  th a n  DMAX, r u n o f f  (DROFF) was c a l c u l a t e d  
a s  th e  d i f f e r e n c e  b e tw e e n  D2 and DMAX. I f  t h e  new d e p th ,  D2, was l e s s  
th a n  DMIN ( 5 .0  cm o r  2 i n ) ,  th e n  th e  i r r i g a t i o n  d e p th  (DIRR) w as com puted 
from  Eq. 7 g iv e n  b e lo w ;
DIRR = (DMAX-D2) x  (1+ P 1 /1 00) [7 ]
and a  new D2 c a l c u l a t e d  from  Eq. 8 b e lo w
D2 = D1 + DIRR + DRAIN -  DE -  DT -D IN FIL  [8 ]
I f  r u n o f f  o c c u r r e d  (D2 i n  E q . 8 > DMAX), r u n o f f  d e p th  was c a l c u l a t e d
and D2 s e t  to  DMAX. The c o n c e n t r a t i o n  o f  e a c h  s a l t  i n  th e  f lo o d w a te r  was 
th e n  a d ju s t e d  f o r  t h e  abo v e  e v e n ts  a c c o r d in g  to  E q . 9 g iv e n  b e lo w ;
C2 = (C l x  Dl + WAT x D IR R )/(D 1 + DRAIN + DIRR -  DE) [9 ] 
w h e re : C2 w as th e  new c o n c e n t r a t i o n ,  Cl w as t h e  o ld  c o n c e n t r a t i o n  and WAT
was th e  i r r i g a t i o n  w a te r  c o n c e n t r a t i o n .
W ater b a la n c e s  w ere  th e n  a d ju s t e d  to  a c c o u n t  f o r  p r e c i p i t a t i o n ,  i r ­
r i g a t i o n ,  i n f i l t r a t i o n ,  r u n o f f ,  e v a p o r a t io n  and t r a n s p i r a t i o n .  S a l t
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b a la n c e s  w ere  a d ju s t e d  to  r e f l e c t  s a l t  a d d i t i o n s  v i a  i r r i g a t i o n  and i n f i l ­
t r a t i o n  a s  w e l l  a s  s a l t  l o s s e s  from  r u n o f f .  E r o s io n a l  l o s s e s  w ere  assum ed 
t o  be z e r o .  The ab o v e  s a l t  and w a te r  b a la n c e s  w ere  f u r t h e r  a d ju s t e d  d u r in g  
th e  l a s t  w eek o f  f lo o d e d  r i c e  (w eek  = 36) to  r e f l e c t  f lo o d w a te r  rem o v a l 
and c ro p  u p ta k e  o f  s a l t  by  t h e  r i c e  g r a i n .  R ic e  y i e l d s  w e re  s e t  a t  4800 
k g /h a  (95  b u / a c r e ) .
Soybean  S e c t io n
The g e n e r a l  r o u t i n g  w i t h in  th e  s o y b e a n  s e c t i o n  i s  p r e s e n t e d  i n  F i g .  4 . 
E v a p o t r a n s p i r a t i o n  d e p th  was com puted  u s in g  E q . 10 shown b e lo w ;
DET = KSOY x PEVAP [10 ]
w h e re : KSOY was th e  r a t i o  o f  e v a p o t r a n s p i r a t i o n  to  PEVAP. The v a lu e s  o f  
KSOY w ere  o b ta in e d  from  H. D. S c o t t  ( p e r s o n a l  c o m m u n ic a t io n ) . The v a lu e  
o f  DET was re d u c e d  i f  th e  s o i l  m o is tu r e  d e f i c i t  o f  t h e  e n t i r e  p r o f i l e  was 
g r e a t e r  t h a t  70 p e r c e n t  o f  t h e  maximum s o i l  m o is tu r e  d e f i c i t  o f  8 1 .6  cm 
u s in g  Eq. 11 shown b e lo w ;
DET = ( ( 8 1 .6  -  (SMD1 + SMD2 + S M D 3 ))/2 4 .5 ) x  DET [1 1 ]
w h e re : (SMD1 + SMD2 + SMD3) was t h e  s o i l  m o is t u r e  d e f i c i t  o f  t h e  e n t i r e
s o i l  p r o f i l e .
When DET was know n, s o i l  m o is tu r e  w as a d ju s t e d  to  r e f l e c t  t h i s  w a te r  
l o s s .  In  t h i s  c o m p u ta tio n  s o i l  m o is t u r e  rem o v a l was d i s t r i b u t e d  o v e r  th e  
s o i l  l a y e r s  by  c o n s id e r in g  t h e  g ro w th  o f  th e  so y b e a n  r o o t  sy s te m  and th e  
w a te r  a v a i l a b l e  f o r  e v a p o t r a n s p i r a t i o n  in  a  g iv e n  l a y e r .  To com pute  th e  
w a te r  a v a i l a b l e  f o r  t r a n s p i r a t i o n a l  l o s s ,  i t  was assum ed  t h a t  70 p e r c e n t  o f  
th e  w a te r  c o n te n t  a t  s a t u r a t i o n  was a v a i l a b l e  f o r  t h i s  l o s s  p a th w ay  (H . D. 
S c o t t ,  p e r s o n a l  co m m u n ic a tio n )  and  t h a t  th e  am ount l o s t  fro m  a  g iv e n  s o i l  
l a y e r  w ould  be l i n e a r l y  r e l a t e d  to  t h e  am ount o f  t h i s  a v a i l a b l e  w a te r  com-
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SOYBEAN SECTION
compute evapotranspiration (Eqs. 10, 11)
adjust soil moisture for ET (Eqs. 1 2 - 17)
yes




compute runoff water quality
no
is runoff = 0
yes yes





compute water and salt balances
go to ouput section
F i g .  4 -  R o u tin g  d u r in g  t h e  S oybean  s e c t i o n  o f  t h e  p ro g ra m .
11
p o n e n t w i th in  a  g iv e n  s o i l  l a y e r  a s  g iv e n  i n  E q s . 1 2 , 13 and  14 b e lo w ;
SMD1 FACT = ( 4 .0  -  SMD1) / 4 . 0 [12]
SMD2FACT = ( 1 2 .0  -  SM D 2)/12.0 [13]
SMD3FACT = ( 4 1 .1  -  SM D3)/41 .1 [14]
w h e re : SMD1FACT, SMD2FACT and SMD3FACT w e re  u sed  to  w e ig h t w a te r  l o s s  f o r  
t h e  a v a i l a b i l i t y  o f  w a te r  i n  s o i l  l a y e r s  SMD1 , SMD2 and SMD3, r e s p e c t i v e l y .
I f  t h e  l e f t  hand  s i d e  o f  E q s . 1 2 , 13 o r  14 was l e s s  th a n  z e r o ,  t h e  w e ig h tin g  
f a c t o r  was s e t  to  z e r o .
To a c c o u n t  f o r  th e  p r o g r e s s iv e  downward g ro w th  o f  th e  s o y b e a n  r o o t  
s y s te m , w a te r  was o n ly  rem oved from  SMD1 i f  week < 2 3 . B etw een w eeks 
23 and 26 w a te r  was rem oved from  SMD1 and SMD2, b u t  n o t  SMD3. From week 
27 to  42 a l l  t h r e e  se g m e n ts  w ere  u se d  i n  t h e s e  c a l c u l a t i o n s .  T h u s , when 
week > 2 6 , E q s . 1 5 , 16 and 17 w e re  u se d  t o  com pute  th e  d i s t r i b u t i o n  o f  
w a te r  l o s s  d u e  to  DET w i t h in  th e  p r o f i l e  a s  g iv e n  b e lo w ;
SMD1DEL = ( SMD1FACT/(SMD1FACT + SMD2FACT + SMD3FACT)) x  DET [15]
SMD2DEL = (SMD2FACT/(SMD1FACT + SMD2FACT + SMD3FACT)) x DET [ 16]
SMD3DEL = (SMD3FACT/(SMD1FACT + SMD2FACT + SMD3FACT)) x  DET [ 17]
w h e re : SMD1DEL, SMD2DEL, and SMD3DEL w ere  th e  cm o f  w a te r  l o s t  from  SMD1 ,
SMD2 and SMD3 v i a  e v a p o t r a n s p i r a t i o n ,  r e s p e c t i v e l y .  T hese  v a lu e s  w ere  
a d ju s t e d  i f  s u f f i c i e n t  w a te r  f o r  l o s s  was n o t  a v a i l a b l e  w i t h in  a  g iv e n  l a y e r  
by  s e q u e n t i a l l y  rem ov ing  m ore w a te r  from  th e  n e x t  lo w e r  l a y e r .  F o r week < 23 , 
b o th  SMD2FACT and SMD3FACT w ere  s e t  t o  z e r o ,  w h i le  b e tw e en  week 23 and 26 
o n ly  SMD3FACT was s e t  to  z e r o .  In  t h i s  m anner w a te r  rem o v a l from  t h e  s o i l  
p r o f i l e  was b o th  a  f u n c t i o n  o f  t h e  am ount o f  w a te r  p r e s e n t  i n  a  g iv e n  s o i l  
l a y e r  and th e  r o o t  d i s t r i b u t i o n  o f  t h e  s o y b e a n  p l a n t .  The a s s u m p tio n s  
w ith  r e s p e c t  to  t h e  r o o t  d i s t r i b u t i o n  w ere  o b ta in e d  from  H. D. S c o t t  
( p e r s o n a l  c o m m u n ic a t io n ) .
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I f  p r e c i p i t a t i o n  o c c u r r e d  th e  s u b r o u t i n e  RAIN w as c a l l e d  t o  com pute  
i n f i l t r a t i o n  (D IN FIL) and  th e  s u b r o u t i n e  MOV c a l l e d  to  r e d i s t r i b u t e  w a te r  
w i t h in  t h e  s o i l  p r o f i l e .  R u n o ff  (DROFF) was com puted  and r u n o f f  w a te r  
q u a l i t y  c a l c u l a t e d  i n  t h e  s u b r o u t i n e  ROQUAL i f  DROFF >  0 . I f  DROFF = 0 , 
t h e  s o y b e a n  i r r i g a t i o n  o p t io n  w as s e l e c t e d , SMD1 p l u s  SMD2 w as g r e a t e r  
th a n  1 0 .3  cm (4  i n ) , w eek was l e s s  th a n  37 and  l e s s  th a n  4 i r r i g a t i o n s  
had p r e v i o u s l y  b e e n  m ade , a n  i r r i g a t i o n  s u b r o u t i n e ,  SOYIRR, was c a l l e d .
In  SOYIRR, t h e  d e p th  o f  i r r i g a t i o n  was com puted  w i th  E q. 18 g iv e n  b e lo w ;
DIRR = DEPTH x  ( 1  + P 2 /1 0 0 )  [18 ]
w h e re : DIRR was t h e  i r r i g a t i o n  d e p th  (cm) a p p l i e d ,  DEPTH w as a  p r e s e t  
d e p th  o f  i r r i g a t i o n  ( 3 .2  cm o r  1 .2 5  in )  and  P2 w as t h e  p e r c e n ta g e  o f  
e x c e s s  i r r i g a t i o n  (2 0 % ). The te rm  P2 w as m a n ip u la te d  w h ere  an  i n c r e a s e  in  
DIRR was d e s i r e d .  The i n f i l t r a t i o n  (DINFIL) o f  i r r i g a t i o n  w a te r  was c a l ­
c u l a t e d  u s in g  th e  s u b r o u t i n e  RAIN and  w a te r  m ovem ent com puted  u s in g  th e  
s u b r o u t i n e  MOV. F i n a l l y ,  r u n o f f  (DROFF) was com puted  a s  t h e  d i f f e r e n c e  
b e tw e e n  DIRR and  DIN FIL.
A p p r o p r ia t e  w a te r  and  s a l t  b a la n c e s  w ere  th e n  am ended to  r e f l e c t  
t h e  a b o v e . D u rin g  w eek 4 2 , s a l t  u p ta k e  by  t h e  s o y b e a n  c ro p  was a l s o  
c o m p u te d . I f  s o y b e a n s  w ere  i r r i g a t e d ,  y i e l d  was s e t  a t  2688 k g /h a  (4 0  b u / a c r e ) ,  
w i th  y i e l d s  o f  n o n - i r r i g a t e d  s o y b e a n s  s e t  a t  1680 k g /h a  (2 5  b u / a c r e ) .  
I n f i l t r a t i o n  o f  P r e c i p i t a t i o n  o r  I r r i g a t i o n
The s u b r o u t i n e ,  RAIN, w h ich  com puted  i n f i l t r a t i o n  o f  p r e c i p i t a t i o n  
o r  i r r i g a t i o n  w a te r  i s  o u t l i n e d  i n  F i g . 5 . I f  s u r f a c e  w a te r  added  was g r e a t e r  
th a n  th e  s o i l  m o is tu r e  d e f i c i t  i n  th e  m ain  s u r f a c e  l a y e r  (SMD1 ) .  a n  am ount 
o f  w a te r  e q u a l  t o  t h e  s o i l  m o is tu r e  d e f i c i t  was a l lo w e d  to  i n f i l t r a t e .
13
INFILTRATION SUBROUTINE
is precipation or irrigation > surface SMD*
ye s
infiltration = surface SMD
redistribute infiltration to subsurface soil
compute remainder of precipition or irrigation
no
is remainder of precipitation or irrigation >surface SMD
yes
infiltration = surface SMD
infiltration = remainder of precipitation or irrigation
infiltration = precipitation or irrigation
redistribute infiltration to subsurface soil
adjust soil moisture
call water movement subroutine
*Soil moisture deficit in cm.
F ig . 5 -  Routing during the I n f i l t r a t io n  s e c t io n .
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R apid r e d i s t r i b u t i o n  o f  th e  now s a t u r a t e d  s u r f a c e  l a y e r  was th e n  made to  
th e  e a ch  s u b la y e r  (SEG) o f  th e  two m ain  s u b s u r f a c e  l a y e r s  (SMD2, SMD3).
A maximum o f  33 p e r c e n t  o f  t h i s  w a te r  was r a p i d l y  r e d i s t r i b u t e d  to  SMD2, 
w h ile  a  maximum o f  27 p e r c e n t  was r a p i d l y  r e d i s t r i b u t e d  to  SMD3. The 
am ount o f  w a te r  added  to  any s u b la y e r  was l im i t e d  by th e  s o i l  m o is tu re  
d e f i c i t  o f  th e  s u b la y e r .  Any s u r f a c e  w a te r  re m a in in g  was th e n  added to  
SMD1 up to  th e  s o i l  m o is tu r e  d e f i c i t  in  SMD1 w h ich  was c r e a te d  due to  
r a p id  r e d i s t r i b u t i o n  d e s c r ib e d  a b o v e .
When s u r f a c e  w a te r  added  was l e s s  th a n  o r  e q u a l  to  th e  s o i l  m o is tu r e  
d e f i c i t  i n  th e  m ain  s u r f a c e  l a y e r  (SMD1) , a l l  th e  s u r f a c e  w a te r  was a llo w e d  
to  i n f i l t r a t e .  A maximum o f  30 p e r c e n t  o f  th e  w a te r  in  th e  f i r s t  m a jo r  
l a y e r  (SMD1) was th e n  r a p i d l y  r e d i s t r i b u t e d  to  th e  seco n d  m a jo r  l a y e r  
(SMD2). A g a in , th e  am ount o f  w a te r  r a p i d l y  r e d i s t r i b u t e d  to  any s u b la y e r  
(SEG) w i th in  SMD2 was l i m i t e d  by  th e  s o i l  m o is tu r e  d e f i c i t  o f  th e  s u b la y e r .
The p e r c e n ta g e s  o f  s u r f a c e  w a te r  r a p i d l y  r e d i s t r i b u t e d  was som ewhat 
a r b i t r a r y  e x c e p t  t h a t  th e  v a l u e s  u sed  w ere  n e c e s s a r y  to  m a in ta in  a z e ro  
change  in  th e  w a te r  b a la n c e .  When su ch  r a p id  r e d i s t r i b u t i o n  was n o t  a llo w e d  
and o n ly  D a r c y 's  law  was u sed  to  r e d i s t r i b u t e  w a te r ,  w a te r  b a la n c e s  w ere  
n o t  z e ro  o v e r  th e  p e r io d  o f  c o m p u ta t io n .
A f t e r  th e  r a p id  i n f i l t r a t i o n  p h a se  was c o m p le te  s o i l  m o is tu r e  d e f i c i t s  
i n  th e  m ain  l a y e r s  (SMD1 , SMD2, SMD2) and s u b la y e r s  (S E G (l) to  SEG (9)) w ere  
a d ju s te d  and D a rc ia n  w a te r  movement was com puted by  th e  s u b r o u t i n e ,  MOV. 
W ater Movement W ith in  S o i l
In  o r d e r  to  d e s c r i b e  th e  movement o f  w a te r  b e tw e en  th e  s u b la y e r s  
(SE G (l) to  SEG (9)) g iv e n  in  T a b le  1 , t h e  r e l a t i o n s h i p  b e tw een  v o lu m e tr ic  
w a te r  c o n te n t  ( Өv o l )  and s o i l  m o is tu r e  t e n s io n  p r e s e n te d  in  T a b le  2 was
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T a b le  2 . S o i l  p h y s ic a l  d a ta  f o r  C ro w le y  s i l t  loam  s o i l -1/
S o i l  m o is tu re  
te n s io n  
(cm H2O)
θνο l
s i l t  loam      c la y  
( cm3 H2O/cm 3 s o i l )
1 0 .4 5 0 0 .5 5 0
100 0 .3 9 5 0 .4 6 0
200 0 .3 7 5 0 .4 5 0
300 0 .3 6 5 0 .4 4 5
500 0 .3 5 0 0 .4 3 0
1000 0 .3 3 5 0 .4 1 0
1 -/From P . D. E r s t in e .  1979. H ea t T r a n s fe r  in  C ro w le y  
S i l t  Loam. M .S . T h e s is .  U n iv e r s i t y  o f  A rk a n s a s .
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needed to  d e v e lo p  an e q u a t io n  w here s o i l  m o is tu re  te n s io n  c o u ld  be p re d ic te d  
fro m  θ νο l . The d a ta  w ere  fo u n d  to  f o l lo w  Eq. 19 g iv e n  b e lo w ;
SMT = ( Өv o l / B ) 1/m [1 9 ]
w h e re : SMT was s o i l  m o is tu re  te n s io n  (cm H 2O ), θ ν ο l  was v o lu m e t r ic  w a te r
c o n te n t  and B and m w ere  c o n s ta n ts .  The v a lu e s  o f  B and m f o r  th e  s i l t  
loam  s u b la y e rs  w ere  0 .4 5 7  and -0 .0 4 0 6 5 ,  r e s p e c t i v e ly .  The v a lu e s  o f  B and 
m f o r  th e  c la y  s u b la y e rs  w ere  0 .5 5 2  and -0 .0 4 0 3 6 ,  r e s p e c t iv e ly .
U s ing  th e  d a ta  i n  T a b le  2 and e s t im a te s  o f  th e  s a tu ra te d  h y d r a u l ic  
c o n d u c t iv i t y  o f  th e  s o i l  (30  cm/w e e k  f o r  s i l t  loam  and 3 cm /week f o r  c la y ;
H. D. S c o t t ,  u n p u b lis h e d  d a ta ) ,  i t  was p o s s ib le  to  p r e d ic t  u n s a tu ra te d  
h y d r a u l ic  c o n d u c t iv i t y  u s in g  th e  G re e n -C o re y  m ethod (1 9 7 1 ) .  The
r e s u l t s  o f  th e  c a lc u l a t io n  y ie ld e d  Eq. 20 g iv e n  b e lo w ;
KTHETA = C x  eD x  θ ν o l  [2 0 ]
w h e re : KTHETA was u n s a tu ra te d  h y d r a u l ic  c o n d u c t iv i t y  and C and D w ere
-2 2c o n s ta n ts .  The v a lu e s  o f  C and D f o r  th e  s i l t  loam  s o i l  w e re  6 .2 1  x  10 
and 1 2 1 .1 , r e s p e c t iv e ly .  The v a lu e s  o f  C and D f o r  th e  c la y  s o i l  w ere  2 .2 7  x  
10-1 9  and 8 0 .8 8 , r e s p e c t iv e ly .
W a te r p o t e n t ia l  g r a d ie n ts  w ere  com puted fro m  th e  c e n te r  o f  one s u b la y e r  
to  th e  c e n te r  o f  th e  n e x t  a c c o rd in g  to  E q . 21 b e lo w ;
GRAD WPOT1 -  WPOT2D1 -  D2 [21 ]
w h e re : GRAD was th e  h y d r a u l ic  head g r a d ie n t ,  WPOT1 and WPOT2 w ere  t o t a l  
w a te r  p o t e n t ia ls  in  cm (b o th  SMT and g r a v im e t r ic  c o m p o n e n ts ) , and D1-D2 
was th e  d e p th  in c re m e n t i n  cm. H y d ra u l ic  c o n d u c t i v i t ie s  f o r  each s o i l  
s u b la y e r  p a i r  w ere  com puted u s in g  Eq. 22 g iv e n  b e lo w ;
KSEG = (D 1-D 2)/(D 1/K TH E TA 1 + D2/KTHETA2) [2 2 ]
w h e re : KSEG was th e  a ve ra g e  h y d r a u l ic  c o n d u c t iv i t y  and th e  1 and 2 p o s t ­
s c r i p t s  r e f e r  to  s o i l  s u b la y e rs  in  se q u e n ce .
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W ith  th e  above d is c u s s io n  as b a c k g ro u n d , th e  f lo w  d ia g ra m  f o r  com­
p u t in g  D a rc ia n  movement o f  s o i l  w a te r  i n  th e  s u b r o u t in e  MOV i s  g iv e n  in  
F ig .  6 . The r a t e  o f  w a te r  movement was com puted fro m  KSEG and GRAD u s in g  
Eq. 23 p re s e n te d  b e lo w ;
WMOV = -KSEG x  GRAD [2 3 ]
w h e re : WMOV was th e  r a t e  o f  w a te r  movement i n  cm /w eek. I f  i n s u f f i c i e n t  
w a te r  was a v a i la b le  f o r  movement i n  th e  s o i l  s u b la y e r  lo s in g  w a te r  o r  
an i n s u f f i c i e n t  s o i l  m o is tu r e  d e f i c i t  was a v a i la b le  i n  th e  s o i l  s u b la y e r  
r e c e iv in g  w a te r ,  WMOV was a d ju s te d  a c c o r d in g ly .
P r e c ip i t a t i o n  o f  C a lc iu m  C a rb o n a te
A s e c t io n  in  th e  p ro g ra m  was d e v e lo p e d  to  com pute  th e  c a lc iu m  con ­
c e n t r a t io n  i n  f lo o d w a te r  a f t e r  CaCO3 p r e c i p i t a t i o n  had ta k e n  p la c e .  The 
c a lc u la t io n  em ployed a s o lu t io n  o f  E q . 24 g iv e n  b e lo w ;
KSP = a CA a CO3 [2 3 ]
w h e re : was th e  s o l u b i l i t y  p ro d u c t  and aCa and aCO3 w e re  a c t i v i t i e s
o f  c a lc iu m  and c a rb o n a te  io n s ,  r e s p e c t i v e ly .  The s o l u b i l i t y  p ro d u c t  was 
—8s e t  a t  10 w h ic h  was com puted fro m  f lo o d w a te r  m easu rem en ts  made i n  a 
p re v io u s  s tu d y  ( J .  T . G ilm o u r ,  u n p u b lis h e d  d a t a ) . O th e r  e q u i l i b r i a  used 
to  s o lv e  f o r  e q u i l ib r iu m  c a lc iu m  c o n c e n t r a t io n  a re  g iv e n  i n  G ilm o u r  e t  a l . 
(1 9 7 8 ) .  C o r re c t io n s  f o r  i o n - p a i r  fo r m a t io n  w ere  n o t  m ade.
A t th e  end o f  each week th e  s o i l  was f lo o d e d  th e  f i n a l  f lo o d w a te r  
c a lc iu m  c o n c e n t r a t io n  was com pared to  th e  e q u i l ib r iu m  c o n c e n t r a t io n  com puted 
u s in g  Eq. 23 . I f  th e  f lo o d w a te r  c a lc iu m  c o n c e n t r a t io n  exceeded th e  
e q u i l ib r iu m  v a lu e ,  CaCO3 was fo rm ed  v ia  a d e c re a s e  i n  f lo o d w a te r  c a lc iu m  
c o n c e n t r a t io n  to  th e  e q u i l ib r iu m  v a lu e  and th e  f i n a l  f lo o d w a te r  c a lc iu m  
c o n c e n t r a t io n  was r e s e t  to  th e  e q u i l ib r iu m  v a lu e .  T h is  lo s s  o f  c a lc iu m  was 
th e n  added to  th e  a p p r o p r ia te  p o r t io n s  o f  th e  s a l t  b a la n c e .  When th e  f l o o d -
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WATER MOVEMENT SUBROUTINE
compute for each soil depth: 
volumetric water content 
soil moisture tension (Eq. 19) 
hydraulic conductivity (Eq. 20) 
soil water potentia l
compute for a pair of soil depths: 
water po ten tia l gradient (Eq.21) 
weighted hydraulic conductiv ity (Eq.22) 
ra te  of w ater movement (Eq.23)
no
is second soil depth the last soil depth
yes
adjust soil moisture
Fig. 6 - Routing during the Water Movement section.
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w a te r  c a lc iu m  c o n c e n t r a t io n  was le s s  th a n  o r  e q u a l t o  th e  e q u i l ib r iu m  v a lu e ,  
no a d ju s tm e n t i n  f lo o d w a te r  c a lc iu m  o r  d i s s o lu t i o n  o f  CaCO3 was a t te m p te d .  
R u n o ff  W ate r S a l t  C o n c e n tra t io n s
When th e  s o i l  was n o t  f lo o d e d  and p r e c i p i t a t i o n  exceeded i n f i l t r a t i o n ,  
r u n o f f  w a te r  s a l t  c o n c e n t r a t io n s  w ere  com puted u s in g  e q u a t io n s  fro m  G ilm o u r  
and M arx (1 9 8 1 ) .  When c u m u la t iv e  r u n o f f  f o l lo w in g  re m o va l o f  r i c e  f lo o d w a te r  
was le s s  th a n  o r  e q u a l to  10 cm, Eq. 24 g iv e n  b e lo w  was u s e d ;
RWAT = WAT x  EXP (D x  CUMROFF + E) [2 4 ]
w h e re : RWAT was r u n o f f  w a te r  c o n c e n t r a t io n  (m e q /1 ) , WAT was i r r i g a t i o n  w a te r  
c o n c e n t r a t io n  (m e q /1 ) ,  CUMROFF was c u m u la t iv e  r u n o f f  (c m ) , and A and B w ere  
c o n s ta n ts .  The v a lu e s  o f  D f o r  Ca, Mg, Na, K , SO4 and C l w e re  - 0 . 2 8 ,  - 0 . 2 7 ,  
- 0 . 2 3 ,  - 0 . 1 2 ,  - 0 . 4 4 ,  - 0 .3 5  cm- 1 ,  r e s p e c t i v e ly .  The v a lu e s  o f  E f o r  Ca, Mg, Na 
and K w ere  - 1 .0 0 ,  - 0 . 4 5 ,  + 0 .2 0  and + 0 .8 0 ,  r e s p e c t i v e ly .  The E v a lu e s  f o r  SO4 
and C1 w ere  r e la te d  to  i r r i g a t i o n  w a te r  c o n c e n t r a t io n  (WAT) and w ere  com puted 
u s in g  Eq. 25 shown b e lo w ;
E = F x  WAT + G [2 5 ]
w h e re : F and G w ere  c o n s ta n ts  e q u a l t o  - 2 .4 3  and 3 .4 4  r e s p e c t iv e ly .
When c u m u la t iv e  r u n o f f  f o l lo w in g  r i c e  f lo o d w a te r  re m o v a l was g r e a te r  
th a n  10 cm, r u n o f f  w a te r  c o n c e n t r a t io n s  w ere  a s s ig n e d  c o n s ta n t  v a lu e s  
u s in g  E qs. 24 and 25 w here  CUMROFF = 10 cm.
R u n o ff w a te r  s a l t  c o n c e n t r a t io n s  d u r in g  r u n o f f  fro m  soybean  i r r i g a t i o n  
w ere assumed e q u a l to  th e  i r r i g a t i o n  w a te r  q u a l i t y  as d e s c r ib e d  by B o n d u ra n t 
( 1 9 7 1 ) .
E ro s io n a l Losses
When r u n o f f  o c c u r re d  d u r in g  f a l l o w  and r i c e  s e c t io n s  s o i l  e ro s io n  
was c a lc u la te d  fro m  th e  U n iv e r s a l S o i l  Loss E q u a t io n  as d e s c r ib e d  by  
Regan (C . Regan. 1978. A S a l t  and W ate r B a la n c e  f o r  an I r r i g a t e d  S o i l .
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M .S . T h e s is .  U n iv e r s i t y  o f  A rk a n s a s ) .  When th e  s o i l  was n o t  c ropped  
( f a l l o w  s e c t io n )  and s p r in g  f i e l d  o p e ra t io n s  w ere  l i k e l y  (Week 14 to  
Week 22) th e  c o n c e n t r a t io n  o f  s o i l  i n  r u n o f f  w a te r  was 1660 ppm. A t a l l  
o th e r  t im e s  in  th e  f a l lo w  s e c t io n  th e  c o n c e n t r a t io n  was 1050 ppm. In  th e  
soybean s e c t io n ,  s o i l  c o n c e n t r a t io n  in  r u n o f f  w a te r  was 1860 ppm, w h i le  
s o i l  c o n c e n t r a t io n  in  r u n o f f  w a te r  was s e t  to  z e ro  when s o i l  was f lo o d e d .
The a fo re m e n tio n e d  r u n o f f  w a te r  s o i l  c o n c e n t r a t io n s  w ere  used in  
c o n ju n c t io n  w i t h  s o i l  s a l t  c o n c e n t r a t io n s  p re s e n te d  i n  T a b le  3 i n  Eq. 26 
g iv e n  b e lo w ;
SEROS = SOIL x  DROFF x  PPM x  10-7  [2 6 ]
w h e re : SEROS was e r o s io n a l  s a l t  lo s s  in  k g /h a ,  SOIL was s o i l  s a l t  concen ­
t r a t i o n  fro m  T a b le  3 i n  ppm, DROFF was r u n o f f  d e p th  in  cm and PPM was r u n o f f  
s o i l  c o n c e n t r a t io n  g iv e n  a b o ve . S o i l  s a l t  c o n c e n t ra t io n s  w ere  ave ra g e  
v a lu e s  o b ta in e d  fro m  3 f i e l d s  w h ic h  w ere  m o n ito re d  d u r in g  th e  w in t e r ­
s p r in g  p e r io d  o f  1978 and 1979 . These d a ta  a re  d is c u s s e d  i n  d e t a i l  e ls e w h e re . 
C rop U p take
Crop u p ta k e  o f  s a l t  was i n i t i a t e d  d u r in g  th e  l a s t  week o f  r i c e  o r  
soybean as d e s c r ib e d  a b o ve . E q u a tio n  27 g iv e n  b e lo w  was used in  th e  
c a lc u la t io n ;
RCROP = YIELD x  SEED/100 [ 27 ]
w h e re : RCROP was c ro p  u p ta k e  i n  k g /h a ,  YIELD was g r a in  y ie ld  in  k g /h a  
and SEED was p e rc e n t  s a l t  i n  g r a in .  The v a lu e s  f o r  p e rc e n t  s a l t  in  g r a in  
f o r  r i c e  (RISEED) and soybean (SOYSEED a re  g iv e n  in  T a b le  3 . These s a l t  
c o n c e n t r a t io n s  w ere  mean v a lu e s  o b ta in e d  fro m  g r a in  fro m  th e  f i e l d  s i t e s  
d is c u s s e d  b e lo w .
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T a b le  3 . C o n s ta n ts  and c o n v e rs io n  f a c t o r s
S a lt
K1
(k g x l/(h a x c m x m e q )
S o i l  C o n c e n tra t io n *  
(ppm)
G ra in  C o n c e n tra t io n
r i c e  soybean 
(%)
c a lc iu m 2 .0 1280 0 .0 1 7 0 .1 4 2
magnesium 1 .2 160 0 .1 2 2 0 .2 1 6
sod ium 2 .3 100 0 .1 2 9 0 .5 4 8
p o ta s s iu m 3 .9 70 0 .3 5 1 1 .6 4 8
s u l f a t e 4 .8 55 0 .3 4 6 0 .5 3 5
c h lo r id e 3 .5 0 0 .2 5 7 0 .1 2 6




S a lt  A d d i t io n s  and Removal s  in  W a te r
When s a l t  was added to  th e  s o i l  v ia  i n f i l t r a t i o n  o f  i r r i g a t i o n  w a te r  
o r  removed fro m  th e  s o i l  d u r in g  r u n o f f ,  Eq. 28 g iv e n  b e lo w  was used to  com pute 
s a l t  added o r  rem oved;
SALT = K1 x  DEPTH x  CONC [2 8 ]
w h e re : SALT was th e  am ount o f  s a l t  i n  k g /h a ,  DEPTH was th e  d e p th  o f  w a te r
i n  cm, CONC was th e  s a l t  c o n c e n t r a t io n  in  th e  w a te r  i n  m eg/1  and K1 was th e  




As d e s c r ib e d  a b o ve , th e  m odel o u tp u t  p ro v id e s  s a l t  and w a te r  b a la n c e s  
f o r  v a r io u s  management schem es. To f a c i l i t a t e  th e  p r e s e n ta t io n  o f  th e  
r e s u l t s ,  tw o schemes w h ic h  r e p re s e n t  th e  e x tre m e s  w i th  re s p e c t  to  b o th  
w a te r  and s a l t  b a la n c e s  w ere  s e le c te d  f o r  d e ta i le d  d is c u s s io n .  The f i r s t  
was a r ic e -s o y b e a n  r o t a t i o n  w i t h  soybeans i r r i g a t e d  w h ic h  re p re s e n te d  max­
im a l i r r i g a t i o n  w a te r  and s a l t  a d d i t io n s  to  th e  s o i l .  The second was a 
r ic e -s o y b e a n -s o y b e a n  r o t a t i o n  w i t h  soybeans n o t  i r r i g a t e d  w h ic h  re p re s e n te d  
m in in a l  i r r i g a t i o n  w a te r  and s a l t  a d d i t io n s  to  th e  s o i l .  The a d d i t io n  o f  
KC1 f e r t i l i z e r  was o m it te d  fro m  a l l  r e s u l t s  p re s e n te d  h e re  as th e  im p a c t 
o f  t h i s  s a l t  a d d i t io n  can  be assessed  b y  s im p ly  a d d in g  a g iv e n  KC1 r a te  
to  th e  s a l t  b a la n c e s  p re s e n te d  b e lo w .
S in c e  s e a s o n a l d a ta  a re  p re s e n te d  on a w e e k ly  b a s is ,  F ig .  7 was 
c o n s t ru c te d  to  c o n v e r t  week to  m on th  o r  day i f  d e s i r e d .
F in a l l y ,  th e  r e s u l t s  p re s e n te d  b e lo w  a re  mean v a lu e s  f o r  a 10 y e a r  
p e r io d  and do n o t  r e f l e c t  maximum and m inimum v a lu e s  f o r  a v a r ia b le  w h ich  
u n d o u b te d ly  o c c u r  f o r  a g iv e n  week i n  a s in g le  y e a r .
R ice -S o yb e a n  R o ta t io n  w i t h  Soybean I r r i g a t e d
The w e e k ly  s o i l  m o is tu re  d e f i c i t s  f o r  th e  3 m a in  la y e r s  (SMD1 , SMD2, 
SMD3) a re  p re s e n te d  in  F ig .  8 . W a te r b a la n c e  com ponen ts w h ic h  a l t e r e d  th e  
s o i l  m o is tu re  d e f i c i t s  a re  g iv e n  i n  F ig . 9 .
The f a l lo w  p e r io d  w h ich  began a f t e r  th e  soybean c ro p  and e x tende d  
be tw een y e a rs  to  th e  r i c e  c ro p  was a t im e  w here  a s e q u e n t ia l  d e c re a s e  in  
SMD1 , SMD2 and SMD3 o c c u r re d .  B o th  SMD1 and SMD2 w e re  s m a ll by week 1 
o f  th e  r i c e  y e a r  and f lu c t u a te d  w i t h in  a n a rro w  ra n g e  a f t e r  t h a t  t im e ,  
w h i le  SMD3 c o n t in u e d  to  d e c re a s e  th ro u g h o u t t h i s  f a l lo w  p e r io d .  E vapo- 
t r a n s p i r a t io n  was s m a ll u n t i l  week 6 p r i o r  to  th e  r i c e  c ro p  when a
F ig .  7 -  C o n v e rs io n  t a b le  f o r  d a y , week and y e a r .
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F ig .  8 -  W eekly s o i l  m o is tu re  d e f i c i t s  f o r  t h e  r ic e - s o y b e a n  
r o t a t i o n  w ith  soybean i r r i g a t e d .
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F i g . 9 -  W ater in p u ts  and o u tp u ts  f o r  th e  r ic e - s o y b e a n  
r o t a t i o n  w ith  soybean i r r i g a t e d .
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p r o g r e s s iv e  i n c r e a s e  was fo u n d . P r e c i p i t a t i o n ,  i n f i l t r a t i o n  and r u n o f f  
w ere  v a r i a b l e  o v e r  t h i s  f a l lo w  p e r io d  w ith  th e  l a r g e s t  i n f i l t r a t i o n  
am ounts c o in c id in g  w ith  th e  m ost r a p id  d e c r e a s e s  i n  s o i l  m o is tu r e  d e f i c i t .  
I n f i l t r a t i o n  a lw ay s ex c ee d e d  r u n o f f  and was o f t e n  l a r g e  com pared to  r u n o f f .
A r u n o f f  peak  d id  a p p e a r  to  o c c u r  in  w eek 49 f o l lo w in g  th e  so y b e an  c r o p .
In  t o t a l ,  t h i s  f a l lo w  p e r io d  was a  tim e  o f  h ig h  i n f i l t r a t i o n ,  low  e v a p o -  
t r a n s p i r a t i o n  and r e d u c t io n  o f  th e  s o i l  m o is tu r e  d e f i c i t .
D uring  th e  r i c e  s e a s o n ,  SMD1 and SMD2 w ere  z e ro  by  th e  3 rd  week a f t e r  
f lo o d in g  w ith  SMD2 r a p i d l y  d e c r e a s in g  to  a  n e a r  z e ro  v a lu e  a t  th e  end o f  
th e  r i c e  s e a s o n .  E v a p o t r a n s p i r a t i o n  in c r e a s e d  to  a  maximum a t  week 29 and 
t h e r e a f t e r  d e c r e a s e d ,  w h ile  a  p r e c i p i t a t i o n  maximum was found  a t  week 3 2 . 
I r r i g a t i o n  w a te r  a p p l i c a t i o n s  w ere  e r r a t i c  i n  am ount and c e a s e d  a f t e r  week 
3 3 , t h r e e  w eeks p r i o r  t o  f lo o d  rem oval .  I n f i l t r a t i o n  o f  f lo o d w a te r  was 
i n i t i a l l y  h ig h ,  d e c re a s e d  r a p i d l y ,  th e n  d e c re a s e d  v e ry  s lo w ly  th ro u g h o u t  
th e  re m a in d e r  o f  th e  s e a s o n .  R u n o ff was e r r a t i c  and c o in c id e d  w i th  p e r io d s  
o f  h ig h  p r e c i p i t a t i o n  e x c e p t  d u r in g  th e  l a s t  w eeks o f  f lo o d in g  when th e  f lo o d  
was rem oved . The r i c e  c ro p  w a te r  b a la n c e  w as , t h u s ,  a  p e r io d  o f  a r a p id  
lo w e r in g  o f  th e  s o i l  m o is tu r e  d e f i c i t  o f  th e  s u r f a c e  s o i l  and a  g r a d u a l  
lo w e r in g  o f  s o i l  m o is tu r e  d e f i c i t  o f  th e  s u b s u r f a c e  l a y e r s .
The f a l lo w  p e r io d  be tw een  th e  r i c e  and so y b e an  c ro p s  e x h ib i t e d  d ry in g  
o f  th e  s u r f a c e  s o i l  (SMD1 in c r e a s i n g )  n e a r  week 42 o f  th e  r i c e  y e a r  and 
week 15 o f  th e  so y b ean  y e a r ,  w h ile  th e  two lo w e r  l a y e r s  (SMD2 and SMD3) 
rem ain ed  a t  low  s o i l  m o is tu r e  d e f i c i t s .  T hese  i n c r e a s e s  in  SMD1 c o in c id e d  
w ith  h ig h e r  e v a p o t r a n s p i r a t i o n  and lo w e r p r e c i p i t a t i o n  p e r i o d s .  I n f i l t r a t i o n  
was e r r a t i c  d u r in g  t h i s  p e r i o d ,  w h ile  r u n o f f  in c r e a s e d  to  p eak s  n e a r  week 
5 1 o f  th e  r i c e  y e a r  and week 16 o f  th e  so y b ean  y e a r .  T hese  r u n o f f  peaks 
g e n e r a l l y  fo llo w e d  p r e c i p i t a t i o n  p eak s  and i n t e r e s t i n g l y , one peak  o c c u r re d  
d u r in g  a  p e r io d  n e a r  week 16 p r i o r  to  so y b ean  when SMD1 was r e l a t i v e l y  h ig h .
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The so y b ean  s e a s o n  was c h a r a c t e r i z e d  by a  s e q u e n t i a l  i n c r e a s e  in  s o i l  
m o is tu r e  d e f i c i t s  o f  t h e  t h r e e  m ain  l a y e r s .  The SMD1 was m axim al by week 
27 and rem ained  n e a r  t h a t  v a lu e  th ro u g h o u t  th e  s e a s o n .  The SMD2 g e n e r a l l y  
in c r e a s e d  to  a  m axim al v a lu e  in  week 4 0 , w h i le  SMD3 in c r e a s e d  to  a  maximum 
a t  week 3 8 . E v a p o t r a n s p i r a t i o n  re a c h e d  a  p eak  in  week 30 and d e c l in e d  
t h e r e a f t e r .  S u b s t a n t i a l  i r r i g a t i o n  o c c u r re d  d u r in g  w eeks 24 to  27 when 
p r e c i p i t a t i o n  was lo w . The in c r e a s e  in  p r e c i p i t a t i o n  from  w eeks 28 to  
32 was r e f l e c t e d  in  a  lo w e r  i r r i g a t i o n  re q u ir e m e n t  fo llo w e d  by i n c r e a s in g  
i r r i g a t i o n  from  w eeks 33 t o  3 6 . I n f i l t r a t i o n  was h ig h  th ro u g h o u t  th e  soy ­
b ean  s e a s o n  w ith  a  p eak  a t  week 3 6 , w h ile  r u n o f f  was low  o r  z e ro  e x c e p t 
w here  th e  p r e c i p i t a t i o n  peak  o c c u r r e d .  In  g e n e ra l ,  t h e  so y b ean  s e a s o n  was 
a  p e r io d  o f  s o i l  d r y in g ,  low  r u n o f f  and h ig h  i n f i l t r a t i o n .  
R ic e -S o y b e a n -S o y b ea n  R o ta t io n  W ith Soybean N ot I r r i g a t e d
The w eek ly  s o i l  m o is tu r e  d e f i c i t s  f o r  th e  3 m ain  l a y e r s  (SMD1 , SMD2 
and SMD3) a r e  p r e s e n te d  in  F ig .  10 . W ater b a la n c e  com ponen ts w hich  a l t e r e d  
th e  s o i l  m o is tu r e  d e f i c i t s  a r e  g iv e n  i n  F ig .  11 .
S in c e  th e  m odel em ployed th e  same w e a th e r  d a t a  f o r  t h i s  r o t a t i o n  a s  
th e  one  d e s c r ib e d  a b o v e , p r e c i p i t a t i o n  p a t t e r n s  w ere  i d e n t i c a l  and e v a p o -  
t r a n s p i r a t i o n  p a t t e r n s  w ere  s i m i l a r  f o r  th e  two r o t a t i o n - i r r i g a t i o n  sch em es. 
The d a ta  f o r  th e  so y b ean  y e a r  was a  mean v a lu e  o f  th e  2 y e a r s  o f  so y b ean  
fo l lo w in g  r i c e .
The f a l lo w  s e a s o n  f o l lo w in g  so y b ean  and p re c e e d in g  r i c e  was s i m i l a r  to  
t h a t  o f  th e  r ic e - s o y b e a n  r o t a t i o n  w i th  so y b ean  i r r i g a t e d  e x c e p t  t h a t  s o i l  
m o is tu r e  d e f i c i t s  w ere  l a r g e r .  S in c e  th e  f i r s t  y e a r  a f t e r  so y b ean  was 
p ro b a b ly  s i m i l a r  i n  t h i s  r o t a t i o n  to  t h a t  shown i n  F ig .  8 , th e  l a r g e  
r e l a t i v e  i n c r e a s e s  in  SMD1 , SMD2 and SMD3 a p p e a re d  to  be l a r g e l y  d u e  to  
s o i l  m o is tu re  d e f i c i t s  in c u r r e d  d u r in g  th e  3 rd  y e a r  o f  th e  r o t a t i o n .
D uring  th e  r i c e  s e a s o n ,  th e  b e h a v io r  o f  s o i l  m o is tu r e  d e f i c i t s  and
29
F i g . 10 -  Weekly s o i l  m o i s t u r e  d e f i c i t s  f o r  t h e  r i c e - s o y b e a n -  
soybean  r o t a t i o n  w i th  soybean  n o t  i r r i g a t e d .
F ig . 11 -  W ater i n p u ts  and o u tp u t's  f o r  t h e  r ic e - s o y b e a n -  
soybean r o t a t i o n  w ith  soybean n o t  i r r i g a t e d .
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th e  w a te r  b a la n c e  com ponen ts  w ere  a g a in  s i m i l a r  to  t h a t  found  f o r  th e  r i c e -  
so y b ean  r o t a t i o n  w ith  so y b ean  i r r i g a t e d .  A m a jo r  d i f f e r e n c e  w hich  d id  
o c c u r  was th e  h ig h e r  am ount o f  i n f i l t r a t i o n  w i th  t h i s  r o t a t i o n  a lth o u g h  
th e  p a t t e r n  was s i m i l a r  to  t h a t  d e s c r ib e d  p r e v i o u s ly .
The f a l lo w  s e a s o n  b e tw een  r i c e  and so y b ean  c ro p s  a p p e a re d  to  be 
com posed o f  two p e r i o d s .  The f i r s t  o c c u r r e d  d u r in g  th e  r i c e  y e a r  and was 
e s s e n t i a l l y  th e  same a s  t h a t  found  f o r  th e  r ic e - s o y b e a n  r o t a t i o n  w ith  soy ­
bean  i r r i g a t e d .  The seco n d  w hich  o c c u rre d  d u r in g  th e  so y b e an  y e a r  was 
c h a r a c t e r i z e d  by a  d i s c o n t i n u i t y  in  SMD2 and  SMD3 and a  l a r g e r  s o i l  
m o is tu r e  d e f i c i t  th ro u g h o u t  th e  s o i l  due  to  lo w e r  i n f i l t r a t i o n  a s  com pared 
to  th e  r ic e - s o y b e a n  r o t a t i o n  w ith  so y b ean  i r r i g a t e d .  T h ese  r e s u l t s  r e i n ­
f o rc e d  th e  c o n c e p t t h a t  s o i l  m o is tu r e  d e f i c i t s  d e v e lo p e d  d u r in g  th e  3 rd  
y e a r  o f  th e  r o t a t i o n  w ere  much l a r g e r  th a n  th o s e  w h ich  w ere  form ed d u r in g  
th e  2nd y e a r  o f  th e  r o t a t i o n  fo llo w in g  f lo o d e d  r i c e .
The so y b e an  s e a s o n  p ro d u ce d  much h ig h e r  s o i l  m o is tu r e  d e f i c i t s  and 
lo w er am ounts o f  i n f i l t r a t i o n  th a n  th o s e  fo und  f o r  th e  r ic e - s o y b e a n  r o t a t i o n  
w ith  so y b ean  i r r i g a t e d .  The i n f i l t r a t i o n  p eak  a l s o  o c c u r re d  e a r l i e r  th a n  
t h a t  found  f o r  th e  o t h e r  r o t a t i o n .  T h is  p eak  c o in c id e d  w i th  th e  p r e c i p i ­
t a t i o n  p eak  a s  no i r r i g a t i o n  w a te r  was a p p l i e d .
E v a p o t r a n s p i r a t i o n  D e ta i l s
The l a y e r  from  w hich  e v a p o t r a n s p i r a t i o n  ( l a r g e l y  t r a n s p i r a t i o n )  w a te r  
was e x t r a c t e d  a s  w e l l  a s  t o t a l  e v a p o t r a n s p i r a t i o n  f o r  so y b ean  a r e  shown 
i n  F ig .  12 . T o ta l  e v a p o t r a n s p i r a t i o n  d id  n o t  s u b s t a n t i a l l y  d i f f e r  
be tw een  th e  r ic e - s o y b e a n - s o y b e a n  r o t a t i o n  w ith o u t  so y b ean  i r r i g a t i o n  
( F ig .  12a) and th e  r ic e - s o y b e a n  r o t a t i o n  w ith  so y b ean  i r r i g a t e d  ( F ig .  1 2 b ). 
T h e re  w ere s h i f t s  i n  w a te r  l o s s e s  among SMD1 , SMD2 and SMD3; h o w ev er, 
a s  m ore w a te r  was e x t r a c t e d  from  SMD3 and l e s s  w a te r  from  SMD1 and SMD2 
f o r  th e  r o t a t i o n  w ith o u t  i r r i g a t i o n  a s  com pared to  th e  r o t a t i o n  w here 
i r r i g a t i o n  was p r o v id e d .
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F ig .  12 — E v a p o t r a n s p i r a t i o n  d e t a i l s  d u r in g  th e  soybean  s e a s o n  
w here  a )  r o t a t i o n  was r ic e - s o y b e a n - s o y b e a n  w ith  
soybean  n o t  i r r i g a t e d  o r  b) r o t a t i o n  was r i c e -  
so y b ean  w ith  so y b ean  i r r i g a t e d .
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E v a p o t r a n s p i r a t i o n  d u r in g  th e  r i c e  s e a s o n  w h i le  th e  r i c e  was f lo o d e d  
i s  shown in  F ig .  13. T hese  r e s u l t s  i l l u s t r a t e d  th e  d e c l i n e  i n  e v a p o r a t io n  
from  th e  f lo o d w a te r  s u r f a c e  w hich  te n d e d  to  c o n c e n t r a t e  f lo o d w a te r  s a l t s  
and th e  r i s e  in  t r a n s p i r a t i o n  w hich d id  n o t  a l t e r  f lo o d w a te r  s a l t  con­
c e n t r a t i o n s .
Fl o o d w a te r  D epth  and C o n c e n t r a t io n  D e ta i l s
F ig u re s  14 and 15 p r e s e n t  w eek ly  f lo o d w a te r  d e p th s  and io n  c o n c en ­
t r a t i o n s  d u r in g  r i c e  f o r  th e  r ic e - s o y b e a n  r o t a t i o n  w ith  i r r i g a t i o n  and 
th e  r ic e - s o y b e a n - s o y b e a n  r o t a t i o n  w i th o u t  i r r i g a t i o n ,  r e s p e c t i v e l y .  F lo o d ­
w a te r  d e p th s  w ere v a r i a b l e  f o r  b o th  m anagem ent r e g im e s .  D epth  p a t t e r n s  
w i th  tim e  w ere  a l s o  e r r a t i c  e x c e p t  f o r  th e  d e p th  d e c r e a s e  to  a  minimum 
a t  a b o u t week 32 . T h is  minimum c o rre s p o n d e d  to  a  d r a m a t ic  d e c re a s e  in  
p r e c i p i t a t i o n  w hich  o c c u r re d  a f t e r  week 32 ( F ig .  9 ) .
F lo o d w a te r  io n  c o n c e n t r a t io n s  a ls o  fo llo w e d  s i m i l a r  p a t t e r n s  f o r  
th e  two r o t a t i o n s .  The r a p id  d e c l i n e  in  c a lc iu m  was d u e  to  c a lc iu m  c a r ­
b o n a te  p r e c i p i t a t e  fo rm a tio n  w i th  th e  o th e r  io n s  show ing s i m i l a r  p a t t e r n s  
o f  d e c l i n e  u n t i l  week 32 when s m a ll  i n c r e a s e s  w ere  n o te d .  W hile th e s e  
c o n c e n t r a t io n s  r e f l e c t e d  th e  com bined in f l u e n c e  o f  s e v e r a l  f a c t o r s  o u t ­
l in e d  in  th e  m odel d e s c r i p t i o n ,  i t  w ould a p p e a r  t h a t  th e  p r e c i p i t a t i o n  
i n c r e a s e s  from  week 24 to  32 ( F ig .  9) e f f e c t i v e l y  d i l u t e d  f lo o d w a te r  
c o n c e n t r a t i o n s ,  w h ile  s a l t  a d d i t i o n s  v i a  i r r i g a t i o n  in c r e a s e d  c o n c e n t r a t io n s  
a f t e r  t h a t  t im e  a s  e v a p o r a t io n  from  th e  f lo o d w a te r  s u r f a c e  was s e t  to  z e ro  
a f t e r  week 28.
Mean Y e a r ly  W ater B a la n c e s
Mean y e a r l y w a te r  b a la n c e s  f o r  th e  r ic e - s o y b e a n  r o t a t i o n  w i th  so y ­
bean  i r r i g a t e d  and r ic e - s o y b e a n -s o y b e a n  r o t a t i o n  w i th  so y b ean  n o t  i r r i g a t e d  
a r e  p r e s e n te d  in  T a b le s  4 and 5 , r e s p e c t i v e l y .
E v a p o t r a n s p i r a t io n  was s i m i l a r  f o r  b o th  r o t a t i o n s  d u r in g  r i c e  and
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F ig .  13 -  E v a p o t r a n s p i r a t i o n  d e t a i l s  d u r in g  th e  f lo o d e d  
r i c e  s e a s o n .
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F ig .  14 -  F lo o d w a te r  d e p th s  and  io n  c o n c e n t r a t i o n s  f o r  
r i c e  s e a s o n  when in  r ic e - s o y b e a n  r o t a t i o n  
w i th  so y b e an  i r r i g a t e d .
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F ig .  15 -  F lo o d w a te r  d e p th s  and io n  c o n c e n t r a t io n s  f o r  
r i c e  s e a s o n  when i n  r ic e - s o y b e a n - s o y b e a n  
r o t a t i o n  w i th  so y b ean  n o t  i r r i g a t e d .
Table 4 -  Mean ye a rly  water and s a lt  balances fo r  the rice-soybean ro ta t io n  w ith  soybeans 
i r r ig a te d .
WATER BALANCE (cra/yr)
Crop Evapo­
tra n s p ira t io n





























SALT BALANCE (k g /h a /y r)
S a lt T ranspi­
ra t io n
I n f i l ­
t r a t io n
F e r t i l ­
iz e r
Surface T ota l Crop
Uptake






































































































































































































































T ab le  5 -  Mean y e a r ly  w a te r  and s a l t  b a la n c e s  f o r  th e  r ic e -so y b e a n -s o y b e a n  r o t a t i o n  w ith  soybeans 
n o t  i r r i g a t e d .
Crop Evapo-
t r a n s p i r a t io n
WATER BALANCE (cm /yr)
I r r i g a t i o n Change i n 
S to ra g e




























SALT BALANCE (k g /h a /y r )
S a l t T ra n sp i­
r a t i o n
I n f i l ­
t r a t i o n
F e r t i l ­
i z e r
S u rfa c e T o ta l Crop
Uptake
E ro s io n R unoff T o ta l Change in  
S to ra g e



































































































































































































































soybean  w ith  a 5cm r e d u c t io n  i n  f a l lo w  e v a p o t r a n s p i r a t i o n  o c c u r r in g  w here 
so y b e an s  w ere  n o t  i r r i g a t e d .  A nnual e v a p o t r a n s p i r a t i o n  was s i m i l a r  i n  
b o th  c a s e s .  I n f i l t r a t i o n  was g r e a t e r  d u r in g  th e  so y b ean  s e a s o n  when 
so y b e an s  w ere i r r i g a t e d  and was g r e a t e r  d u r in g  r i c e  and f a l lo w  p e r io d s  
when so y b e an s  w ere  n o t  i r r i g a t e d .  R uno ff was s i m i l a r  f o r  b o th  r o t a t i o n s  
d u r in g  r i c e  and so y b ean  s e a s o n s  and was s m a l le r  d u r in g  f a l lo w  f o r  th e  
r o t a t i o n  w ith o u t  i r r i g a t i o n .  A nnual i n f i l t r a t i o n  was h ig h e r  and r u n o f f  
lo w er f o r  th e  r ic e - s o y b e a n - s o y b e a n  r o t a t i o n  w ith  so y b e an s  i r r i g a t e d  a s  
com pared to  th e  n o n - i r r i g a t e d  r o t a t i o n .  The i r r i g a t i o n  r e q u ir e m e n t  was 
som ew hat l e s s  d u r in g  r i c e  f o r  th e  r ic e - s o y b e a n  r o t a t i o n  w ith  so y b ean s  
i r r i g a t e d  th a n  th e  n o n - i r r i g a t e d  so y b ean  c a s e .  The change  i n  s to r a g e  
com ponent r e f l e c t e d  th e  above d i f f e r e n c e s  f o r  th e  r i c e ,  so y b ean  and 
f a l lo w  s e a s o n s  and y ie ld e d  a  n e a r  z e ro  a n n u a l v a lu e  f o r  b o th  r o t a t i o n s .
Mean Y e a r ly  S a l t  B a la n c e s
Mean y e a r l y  s a l t  b a la n c e s  f o r  th e  r ic e - s o y b e a n  r o t a t i o n  w ith  soy-. 
bean  i r r i g a t e d  and r ic e - s o y b e a n - s o y b e a n  r o t a t i o n  w ith  so y b e an  n o t  
i r r i g a t e d  a r e  a l s o  p r e s e n te d  i n  T a b le s  4 and 5 ,  r e s p e c t i v e l y .  I r r i g a t i o n  
w a te r  c a lc iu m , m agnesium , so d iu m , p o ta s s iu m , s u l f a t e  and c h lo r i d e  con­
c e n t r a t i o n s  w ere s e t  a t  4 .0 ,  2 .5 ,  1 .0 ,  0 .1 ,  0 .5  and 0 .5  m eq /1 , r e s p e c t i v e l y ,  
f o r  th e s e  r e s u l t s .
S a l t  i n p u ts  w ere v i a :  a )  w a te r  t h a t  i n f i l t r a t e d  a s  a  r e s u l t  o f  
t r a n s p i r a t i o n  by th e  r i c e  c ro p  ( t r a n s p i r a t i o n ) , b) d i r e c t  i n f i l t r a t i o n  o f  
i r r i g a t i o n  w a te r  d u r in g  r i c e  a n d /o r  so y b ean  c ro p s  ( i n f i l t r a t i o n ) ,  c ) 
f e r t i l i z e r  a d d i t io n s  w hich w ere s e t  to  z e ro  a s  d is c u s s e d  above and 
d) a  com ponent w hich  was added a s  i r r i g a t i o n ,  b u t  r a n  o f f  ( s u r f a c e ) .  The 
d e p o s i t io n  o f  l im e  d u r in g  r i c e  was added to  th e  i n f i l t r a t i o n  com ponen t.
S a l t  o u tp u ts  w ere : a ) c ro p  u p ta k e ,  b) e r o s io n  and c) r u n o f f .  The d i f ­
f e r e n c e  betw een  t o t a l  i n p u ts  and t o t a l  o u tp u ts  was th e  change in  s to r a g e .
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S a l t  a d d i t i o n s  w ere  som ew hat h ig h e r  d u r in g  th e  r i c e  s e a s o n  when r i c e  
was r o t a t e d  w ith  2 y e a r s  o f  s o y b e a n , w h i le  s a l t  l o s s e s  w ere c o m p a r ib le  f o r  
b o th  r o t a t i o n s .  M ost o f  th e  t o t a l  s a l t  a d d i t i o n s  d u r in g  r i c e  w ere  due to  
i n f i l t r a t i o n  o f  w a te r  to  m ee t t r a n s p i r a t i o n a l  n e ed s  e x c e p t  f o r  c a lc u im  w here  
a b o u t 40 p e r c e n t  o f  th e  d i r e c t  i n f i l t r a t i o n  com ponent was c a lc iu m  c a r b o n a te .  
A n e t  i n c r e a s e  in  th e  ch an g e  in  s to r a g e  o c c u r r e d  f o r  c a lc u im , m agnesuim , 
so d iu m , s u l f a t e  and c h l o r i d e ,  w h i le  p o ta s s iu m  y ie ld e d  a  n e a r  z e ro  v a lu e .
D uring  th e  so y b e an  s e a s o n ,  s a l t  a d d i t i o n s  due  to  i r r i g a t i o n  f o r  th e  
r ic e - s o y b e a n - s o y b e a n  r o t a t i o n  w ere  a b o u t 25 p e r c e n t  o f  th e  a d d i t i o n s  o f  
th e  c o r r e s p o n d in g  r i c e  y e a r .  T o ta l  s a l t  rem o v a ls  w ere  l a r g e s t  when soy­
b e a n s  w ere i r r i g a t e d  due  to  th e  y i e l d  and c o n c o m ita n t c ro p  u p ta k e  i n c r e a s e s  
from  i r r i g a t i o n .  The ch an g e  i n  s to r a g e  f o r  th e  r o t a t i o n  w i th  so y b ean  
i r r i g a t e d  showed n e t  p o s i t i v e  v a lu e s  f o r  a l l  s a l t s  e x c e p t  p o ta s s iu m , 
w h ile  n e g a t iv e  c h a n g es  i n  s to r a g e  w ere  o b ta in e d  f o r  a l l  s a l t s  when so y ­
b e a n s  w ere  n o t  i r r i g a t e d .
The f a l lo w  s e a s o n  f o r  b o th  r o t a t i o n s  was a  p e r io d  w here  n e g a t iv e  
c h a n g es  in  s to r a g e  w ere  o b ta in e d  due to  r u n o f f .  The l a r g e r  r u n o f f  volum e 
d u r in g  th e  f a l lo w  p e r io d  f o r  th e  r ic e - s o y b e a n  r o t a t i o n  w ith  so y b ean  
i r r i g a t e d  le a d  to  m ore s a l t  l o s s  and th e  g r e a t e s t  n e g a t iv e  v a lu e s  o f  
ch ange  in  s t o r a g e .
The a n n u a l s a l t  b a la n c e s  f o r  th e  two r o t a t i o n s  p o in te d  o u t  t h a t  
much g r e a t e r  a c c u m u la t io n s  o f  s a l t  o c c u r r e d  d u r in g  th e  r ic e - s o y b e a n  
r o t a t i o n  w ith  so y b e an  i r r i g a t e d  th a n  th e  r ic e - s o y b e a n - s o y b e a n  r o t a t i o n  
w ith  so y b ean  n o t  i r r i g a t e d .  In  o r d e r  o f  am ount, n e t  p o s i t i v e  a c c u m u la tio n s  
o f  c a lc u im , m agnesium , sodium  and s u l f a t e  w ere  found f o r  b o th  r o t a t i o n s  
w ith  c h lo r i d e  a c c u m u la t io n s  b e in g  s m a ll  o r  z e r o .  A n e t  l o s s  i n  p o ta s ­
sium  o c c u rre d  in  b o th  r o t a t i o n s  a s  no KC1 f e r t i l i z e r  was a d d e d .
The s a l t  b a la n c e s  d e s c r ib e d  above w ere  f o r  a  g iv e n  w a te r  q u a l i t y  and
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r e p r e s e n te d  e x tre m e s  w ith  r e s p e c t  to  r o t a t i o n  and w a te r  m anagem ent. When 
th e  m odel was u sed  to  e v a lu a te  th e  e f f e c t  o f  i r r i g a t i o n  w a te r  q u a l i t y  
upon mean y e a r ly  ( a n n u a l)  s a l t  a c c u m u la t io n s  th e  r e s u l t s  shown in  F ig .  16 
w ere  o b ta in e d .  For e ach  io n  and c a lc u im  c a r b o n a te ,  a  l i n e a r  i n c r e a s e  in  
n e t  a d d i t i o n  to  th e  s o i l  was found  a s  th e  c o n c e n t r a t io n  o f  th e  com ponent 
in  q u e s t io n  i n c r e a s e d .  The s lo p e s  f o r  th e  r ic e - s o y b e a n  r o t a t i o n  w ith  
soybean  i r r i g a t e d  w ere l a r g e r  th a n  f o r  th e  r ic e - s o y b e a n - s o y b e a n  r o t a t i o n  
w ith  so y b ean  n o t  i r r i g a t e d .  For t h e  c o n c e n t r a t i o n  o f  2 t o  4 m eq /1 i n  th e  
i r r i g a t i o n  w a te r  th e  n e t  a n n u a l a d d i t i o n  fo llo w e d  th e  o r d e r  s u l f a t e > 
c h lo r i d e  > c a lc iu m  > sodium  >m agnesium .
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F i g .  16 -  Mean y e a r ly (a n n u a l )  s a l t  a d d i t i o n s  a s  a  f u n c t io n  
o f i r r i g a t i o n  w a te r  c o n t r a c t i o n .
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APPENDIX
Weather File 4 5
*IN PROGRESS
1 .80 .80 0.47 1.62 0.08 1. 89 0.10 0.30 1.38 1.88 1.34 1.60 0 . 96
2 .80 .80 0.47 0.01 0.68 1.99 0.00 0 . 49 0.23 0.20 0 . 09 3.82 1.28
3 .80 .80 0.48 0.00 0.11 0.00 0.70 0.12 0.00 0.02 2.82 0.34 0.45
4 .80 .80 0.52 0.43 1.00 0.72 0.36 0 . 09 0 . 98 0.78 1.23 1.54 0.17
3 .80 .80 0.56 0.64 0.23 1.06 4.58 1.32 0.24 0.01 1.12 0.01 1.76
6 .80 .80 0.61 4.75 0.00 0.00 0.33 0.18 0.38 0.27 2.03 0.12 0.86
7 .80 .80 0.67 1.44 0.08 0.40 1.07 1.74 1.33 0.13 0.66 0.62 0.44
8 .80 .80 0.76 0.33 1. 39 0.04 0 . 69 0.81 2.01 0.31 0.00 1.04 0.73




















































































































































































































































































































































































































































































































































































































































































* IN  PROGRESS
SALTBAL: PROC OPTIONS (MAIN);
***/
/*DATA ORDER: CA,MG,NA.K,S04,CL,POTASH,RATE,ROT,MOISTURE,INFO IN LN 60 
6 0 * /





DCL(SR1(1:52) ,SR2(1:52) ,SR3( 1 : 5 2 ) . S B ! ( 1 : 5 2 ) ,SB2(1 :52 ) ,SB3(1 :52) )FL0AT ;  
DCL(WATUP1( 1 : 5 2 ) ,UATUP2() :52),UATUP3(1 : 5 2 ) , UATE(1 : 5 2 ) , MATT( 1 :5 2 ) ) F L OAT;
DCL(TOT(1 :52) ,BTOT(1 :52) ,CONC(1 :52,1:6) ,MU,MGI)FL0AT;
DCL(ROR (1 :5 2 ) ,R 0 S (1 :5 2 ) , IR R R (1 : 5 2 ) , I N R d : 5 2 ) , I N S ( 1 :5 2 ) , IR R S (1 :5 2 )  
,TRAIN (1 :52) )FLOAT;
DCL ( SMD1 ,SMD2,SMD3,RAINLEFT,SMD1DEL,SMD2BEL,SMD3DEL)FL0AT;
DCL ( DUMMY, DUMMY1, DUMMY2,DUMMY3,DUMMY4)FLOAT; 
DCL(SMD1FACT,SMD2FACT.SMD3FACT)FL0AT;




DCL(K1(1 :6 ) ,C 1 (1 :6 ) ,C 2 (1 :6 ) ,U AT (1 :6 ) ,ST O R AG E( 1 : 6 ) , INPUT(1 : 6 ) )FLOAT;
DCL(OUTPUT( 1 :6) ,SFERT(1:6 ) ,SEROS ( 1 : 6 ) ,TFERI(1:6) ,TER0S(1 :6 ) )FL0AT;  
DCL( SET( 1 : 6 ) , S I N F I L ( 1 :6 ) ,S R 0 F F (1 :6 ) ,S IR R (1 : 6 ) , SCROP(1 : 6 ) )FLOAT;; 
D C L(TET(1 :6 ) ,T IN F IL ( 1 :6 ) ,T R OF F (1:6 ) ,T IR R ( 1 :6 ) ,T C R 0 P ( ! : 6 ) ,T S U R F ( 1 :6 ) ) F L O 
AT;
DCL(SEd : 6 ) , S T ( 1 : 6 ) , R T ( 1 : 6 ) , R E ( 1 : 6 ) , R T OTAL(1 :6 ) ,SSU R F d :6 ) )F L0 AT ;  
DCL(KRICE,KSOY,INFIL,B,KG)FLOAT;
DCL ( SOIL( 1 : 6) ,RMAT(1:6 ) ,R ISEED(1:6) ,S0YSEEUd:6 ))FL0AT;
DCL NAME( 1 : 6) CHAR( 1 1 ) ;
DCL(FFERT(1:6) ,FROFF(1:6) ,FEROS(1:6) ,FINPU T ( 1 : 6 ) , F OUTPUT( 1 :6 ) ,F S T ORAGE( 
1: 6 ))
FLOAT;
DCL(RET(1:6) ,RINFIL(1:6 ) ,RCROP(1:6) ,RER0S(1:6 ) ,RROFF(1 :6 ) ,R INPUT ( 1 : 6 ) ) F  
LOAT;
DCL(ROUTPUT(1:6) ,RSTORAGE( 1 : 6 ) , R I R R d  :6 ) ,RSURF(1 :6 ) )FLOAT;
DCL(SOINFIL( 1 : 6 ) , S OCROF ( 1 : 6 ) , S OEROS( 1 :6),SOROFF(1:6))FLOAT; 
DCL(SINPUT(1:6) ,SOUTPUT (1:6),SSTORAGE(1:6))FLOAT; 
DCL(SOI R R ( 1 :6 ) ,S OSURF(1:6))FL0AT;
/ *I N I T I A L  VALUES*/
SR1=0; SR2=0; SR3=0; SB1=0; SB2=0; SB3=0; XCAC03=0;
WATUP1=0; WATUP2=0: WATUP3=0; WATE=0; WATT=0; DTOT=O; CONC=0;
ROR=O; ROS=0 ; IRRR=0; INR=0; INS=0; IRRS=0; TRAIN=0;
DO 1=1 TO 6;
RET(I )=0;  R IN F I L ( I ) = 0 ;  RCR0P(I)=0; RER0S(I)=0; RROF F ( I ) = 0 :  R IRR(I )=0;  
RSURF(I)=0; S E ( I ) = 0 ;  S T ( I ) = 0 ;  R T ( I )=0 ;  R E( I )=0 ;  RT0TAL(I )=0; SSURF(I)=0
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S0INFIL(I)=0; SOCROP(I)=0: SOEROS(I)=O; SOROFF(I)=0; SOIRR(I)=0: 
FER0S(I)=0; FR0FF(I)=0; FFERT(I)=0; SOSURF(I)=O;
END;
RBET=0; RDINFIL=0; RBRDFF=0; RBRAIN=0; RDIRR=0;
RDE=0; RBT=0;
SDET=0; SBINFIL=0; SDROFF=0: SBRAIN=0; SBIRR=0;
FBET=0; FDINFIL=0; FDROFF=0; FBRAIN=0;
YEAR=0; CUMROFF=10;
/ * * * * * * * * * * * * * /
/ *CONSTANTS*/
/****************/
BSL=0.457; CSL=6.21E-22; BSL=121.1; MSL=-0.04065;
BC=0.552; CC=2.27E-19; DC=30.S8; MC=-0.04036;
DEP(1)=-1.25; BEP(2)=-5.05; BEP(3)=-10.15; BEP(4)=-19.05; DEP(5)=-31.75
DEP(6)=-44.45; DEP(7)=-68.6; DEP(8)=-104.2; BEP(9)=-139.3;
SBEP(1)=2.5; SBEP(2)=5.1; SDEP(3)=5.1; SBEP(4)=12.7; SBEP(5)=12.7; 
SDEP(6)=12.7; SDEP(7)=35.6; SDEP(8)=35.6; SBEP(9)=35.6;
MSAT(1)=1.1; USAT(2)=2.3; HSAT(3)=2.3; MSAI(4)=5.7; WSAT(5)=5.7; 









NAME(1)="CA"; NAME(2)="MG'; NAME(3)="NA"; NAME(4)="K";
NAME(5)="S04"; NAME(6)="CL";
SHB1=1.9; SMD2=6.4; SMD3=11.8;
SEG(T)=0.4; SEG(2)=0.75; SEG(3)=0.75; SEG(4)=2.1; SEG(5)=2.1; SEG(6)=2.
1;
SEG(7)=3.9; SEG(8)=3.9; SEG(9)=4.0;








PUT SKIP LIST("DATA IN");
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /
/ *EQUILIBRIUM CALCIUM CONCENTRATION*/
/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * /
IT E R = 0 ;
X=0.0001; HC03=WAT(1)+WAT(2)+WAT(3)+WAT(4)-WAT(5)-WAT(6); 
CAI=WAT(1)/2000; MGI=WAT(2)/2000; NAI=(WAT(3)+WAT(4))/1000; 
HC03I=HC03/1000; S04I=WAT(5)/2000; CLI=UAT(6)/1000:


























































IF ITER=1 & PKSPE>8.01 THEN DO; CAEQ=10; GO TO START; END;
IF PKSPE<=3.01 THEN BO TO INIT;
IF PKSPE>8.02 THEN DO; CAI=CAI+X; HCO3I=HC03I+2*X; X=X/10; GO TO INIT; 
END;
CAEQ=CAI*2000;
/*SET YEAR AND CROP*/
START: YEAR=YEAR+1; CROP=O;
CHANGE: CROP=CROP+l; IRRIG=0;
OPEN FILE (HEATH)INPUT; WEEK=1;
/ * * ** * * * * * * * ** * * * * * *******/
/ *WEATHER DATA FILE*/
FALLOW:
IF YEAR=1 THEN GET FILE(UEATH)LIST(WEEK,KRICE,KSOY,PEVAP,BRAIN,A,B.C,D, 
E
F, G, H, X);
IF YEAR=2 THEN GET FILE(WEATH)LIST(WEEK,KRICE,KSOY,PEVAP,A,DRAIN,B,C,D, 
E
,F,G,H,X);
IF YEAR=3 THEN GET FILE(HEATH)LIST(WEEK,KRICE,KSOY,PEVAP,A,B,DRAIN,C,D, 
E
,F,G,H,X);
IF YEAR=4 THEN GET FILE(WEATH)LIST(WEEK,KRICE,KSOY,PEVAP,A,B,C,DRAIN,D, 
E
,F,G,H,X);
IF YEAR=5 THEN GET FILE(HEATH)LIST(WEEK,KRICE,KSOY,PEVAP,A,B,C,D,DRAIN, 
E
,F,G,H.X);
IF YEAR=6 THEN GET FILE(WEATH)LIST(WEEK,KRICE,KSOY,PEVAP,A,B,C,D,E,DRAI 
N
,F,G,H,X);
IF YEAR=7 THEN GET FILE(WEATH)LIST(WEEK,KRICE,KSOY.PEVAP.A,B,C,D,E.F, 
DRAIN,G,H,X);
IF YEAR=3 THEN GET FILE(HEATH)LIST(WEEK,KRICE,1(SOY,PEVAP,A,B,C,D,E,F,G, 
DRAIN,H,X);
IF YEAR=9 THEN GET FILE(HEATH)LIST(WEEK,KRICE,KSOY,PEVAP,A,B,C,D,E.F,G, 
H
,DRAIN,X);





/*RUNOFF HATER ION CONCENTRATIONS*/
ROQUAL: PROC;


































































/ * * * ** ** * * /
/*ROUTING*/
/ * * * * * * * * * /
IF YEAR=11 THEN GO TO SUMMARY;
IF CROP=1 THEN DO; IF WEEK>21 & WEEK<37 THEN CO TO RICE; END;
IF CROP>1 THEN DO; IF WEEK>20 S WEEK<43 THEN GO TO SOYBEAN; END;
/ * * * * * * * ** ** * * * * * * * * * * * * * * * ** ** ** * * * * * * * /
/*SALT BALANCE WHEN SOIL IS NOT CROPPED*/
/ * * * * * * * * * * * * ** * * * * ** ** * * * * ** * * ** * * * * * * * /
IF WEEK=17 & POTASH=1 THEN CALL FERT;
DET=(-1.0*SEG(1)+1.0)*PEVAP;
IF SEG(1)<0.2 THEN DET=0.80*PEVAP;
IF SEGd)>0.8 THEN DET=0.20*PEVAP;
DUMMY4=DET;
DO J=1 TO 9;
SEG(J)=SEG(J)+DET;






IF DRAIN=0 THEN CALL MOV;
IF DRAIN>0 THEN DO; PLACE=1; GO TO RAIN; END;




IF DR0FF>0 THEN DO 1=1 TO 6;
SROFF(I)=RWAT(I)*DROFF*K1(I);
IF WEEK>13 & WEEK<23 THEN SEROS(I)=SOIL(I)*DROFF*.000166;
ELSE SEROS(I)=SOIL(I)*DROFF*.000105; END;
ELSE DO; SROFF=O; SEROS=0; END;
SIRR=0; SFERT=0; CALL SUMFAL;
IF WEEK=52 THEN DO; CLOSE FILE (WEATH);
IF CROP=(ROT+1) THEN GO TO START; ELSE GO TO CHANGE; END;
GO TO FALLOW;
/ * * * * ** * * * * * * ** ** ** ** ** ** * * * * * * * * * * * * * * * * * * /
/*SALT BALANCE WHEN SOIL IS CROPPED TO RICE*/

























































IF WEEK=22 THEN DO; D1=DMAX=( l+P1/100); DO I=1 TO 6; C1(I)=WAT(I); 
END; END;
DET=KRICE*PEVAP;
IF WEE<C28 THEN DO; FT=(14*(WEEK-22)+19.5)/lOO;
DE=DET*(1-FT); DT=DET*FT; END;
ELSE DO; DE=0; DT=DET; END;
WAT E ( WEE K) = WAT E ( WEEK) +DE; WA T T ( WEEK) = WA T T ( WEEK) + D T ;
DUMMY2=DRAIN; DRAIN=D1; PLACE=2; GO TO RAIN; PT2: DRAIN=DUMMY2; 
D2=D1+DRAIN-DE-BT-DINFIL;
IF D2>DMAX THEN DO; DROFF=D2-DMAX; D2=DMAX; END;
IF D2<DMIN & WEEK>22 THEN DO;
DIRR=(DMAX-D2)*(1+P1/100); D2=D1+DRAIN+DIRR-DE-DT-DINFIL;
IF D2>DMAX THEN DO; DROFF=D2-DHAX; D2=DMAX; END; END;
IF D2<0 THEN PUT EDIT(' D2 NEGATIVE')(AA);
DO I=1 TO 6 ;
C2(I) = (C1 (I)*D1+WAT(I)*DIRR)/(D1+DRAIN+DIRR-DE);




IF WEEK=36 THEN CALL RICEUPT; ELSE SCROP=O;
D1=D2;
CALL SUNRICE;
IF WEEK=36 THEN DO; DROFF=DR0FF+D2; CUMROFF=O; END;
CALL RICEWAT; GO TO FALLOM;
/ * * ******** ****** * * * *** * * **** **** *****/






IF WEEK=22 THEN DIRR=DMAX*U+P1/!00);




CONC(WEEK,I)=CONC(WEEK,I) + (C1 (I)+C2(I))/2;
C1(I)=C2(I);
END SALTSUB;
/*SALT BALANCE FOR SOIL CROPPED TO SOYBEAN*/
SOYBEAN:
SER0S=0; SROFF=0; SINFIL=0; SIRR=0;
DIRR=0; DUMMY1=0;
DET=KSOY*PEVAP;
IF (SMD1+SND2+SHD3)>57.1 THEN DET=((81.6-(SMD1+SMD2+SMD3))/24.5)*DET; 
SMDlFACT=(4.0-SMDl)/4.0; IF SMD1FACT=0 THEN SMD1FACT=0; 
SMD2FACT=(12.0-SMD2)/12.0; IF SMD2FAC7=0 THEN SMD2FACT=0; 
SMD3FACI=(41.1-SMD3)/4!.l; IF SMD3FACT<0 THEN SMD3FACT=0;


























































IF WEEK<23 THEN DO;
SMD1DEL=DET; SMD2DEL=0; SMD3DEL=0; END;





IF SMD1DEL:>(5.7-SHD1) THEN DO; SMD2DEL=SMD2DEL+SHD1DEL-5.7+SHDl; 
SHD1DEL=5.7-SMD1; END;
IF SMD2DEL>(17.1-SMD2) THEM DO; SMD3DEL=SMD3DEL+SMD2DEL-17.1-SMD2; 
SMD2DEL=17.1-SMD2; END:
IF SHD3DEL>(58.7-SHD3)THEN DO; SMD3DEL=58.7-SND3; END;













WATUP3 (WEEK)=WATUP3 (WEEK )SMD3DEL;
IF DRAIN>0 THEN DO; PLACE=3; GO TO RAIN; END;
PT3: IF DRAIN>0 THEN DO;
IF DRAIN>DINFIL THEN DROFF=DRAIN-DINFIL; ELSE DROFF=0; 
DUMMY1=DINFIL; END;
CUMROFF=CUMROFF+DROFF; CALL ROQUAL;
IF DROFF=0 THEN DO; IF (SMD1+SMD2)>10.3 & WEEK<37 THEN DO;
IF IRRIG<5 & MOISTURE=1 THEN GO TO SOYIRR; END; END;
PT5:
IF DIRR=0 & DRAIN=0 THEN CALL MOV;
CALL SOYWAT;
IF DROFF>0 & DIRR=0 THEN DO I=1 TO 6;
SERGS(I)=S0IL(I)*DR0FF*0.000186; SROFF=K1 (I)*DROFF*RMAT(I);
END;
IF WEEK=42 THEN CALL SOYUPT: ELSE SCROP=0;
CALL SUMSOY; GO TO FALLOW;




DUMMY3=DRAIN; DRAIN=DIRR; PLACE=4; GO TO RAIN; PT4: DRAIN=DUMMY3; 
DROFF=DIRR-DINFIL+DUMMY1;




























































/ *INFILTRATION OF RAIN OR IRRIGATION*/
RAIN:
IF DRAIN>SMD1 THEN DO;
DUMMY=SMD1; DINFIL=DINFIL*SMD1; SMD1=0;
DO J=4 TO 6;
WMOV=-0.11*5.7; WMOV=-MIN(-WMOV,SEG(J));
SEG(J)=SES(J)+WMOV; SMD1=SMD1-WMOV; END;









IF DRAIN<=SMD1 THEN DO;
DINFIL=BINFIL+DRAIN; SMD1=SMD1-DRAIN;
DO J=4 TO 6;
MMOV = -0 .10 *(5 .7 -S M D 1); MWOV=-MI N ( - WMOV,SEG(J));
SEG(J)=SEG(J)+WMOV; SMD1=SMD1-MNDV; END;
END;




IF PLACE=1 THEN GO TO PT1; IF PLACE=2 THEN GO TO PT2;
IF PLACE=3 THEN GO TO PT3; IF PLACE=4 THEN GO TO PT4;
/*WATER MOVEMENT IN SOIL*/
/ **************************/
MOV: PROC;
DO J=1 TO 8;
IF J<6 THEN DO;
THETA(J)=((WSAT(J)-SEG(J))/WSAT(J))*0.45;
THETA(J+1 )=((WSAT(J+1)-SEG(J+1))/USAT(J+1))*0.45;
IF THETA(J)<=0.01 THEN THETA(J)=0.01;
SMT(J)=(THETA(J)/BSL)**(1/MSL);
IF THETA(J+1)<=0.01 THEN THETA(J+1)=0.01;
SMT( J + 1) = ( THETA( J + 1 ) / B S L ) * * ( 1  / MSL) ;  
KT H E T A ( J ) = C S L * E X P ( D S L * T H E T A ( J ) ) ;
KTHETA(J+1)=CSL*EXP(DSL*THETA(JH));
END;
IF J=6 THEN DO;
THETA(J)=((WSAT(J)-SEG(J))/WSAT(J))*0.45;
THETA(J+1)=((WSAT(J+1)-SEG(J+1))/WSAT(J+1))*0.55;
























































IF THETA(J+1)<=0.01 THEN THETA(J+1)=0.01;
SMT(J+1)=(THETA(J+))/BC)**(1/MC);
KTHETA(J ) =CSL*EXP( DSL*THETA ( J ) ) ;
KTHETA(J+1)=CC*EXP(DC*THETA(J+1));
END;
IF J>6 THEN DO;
THETA(J) = ((WSAT(J)-SEG(J))/WSAT(J)) *0.55;
THETA(J+1)=((WSAT(J+1)-SEG(J+1))/MSAT(JH))*0.55;
IF THETA(J)<=0.01 THEN THETA(J)=0.01;
SMT(J)=(THETA(J)/BC)**(1/MC);







WPOT(J+1)=DEP(J+1)-S MT (J+1 ) ;
CRAD=(WPOT(J)-WPOT(J+1))/(DEP(J)-DEP(J+1));
KSEG=(DEP(J)-DEP(J+1))/((SDEP(J)/(2*KTHETA(J)))+(SDEP(J+1)/(2*KTHETA[J+
1) ) ) ) ;
WMOV=-KSEG*GRAD:
IF WMOV>0 THEN DO;
MWOV1=WSAT(J+1)-SEG(J+1);
WMOV=MIN(WMOV,WMOV1 ,SEG(J)); END;






SMD1=SEG(1 ) + S E G ( 2 ) + S E G ( 3 ) ;
SMD2=SEG(4)+SEG(5)+SEG(6);
SMD3=SEG(7)+SEC(3)+SEG(9);
IF SMD1>5.7 THEN PUT LIST("SMD1 DRY");
IF SMD2>17.1 THEN PUT LIST("SND2 DRY");
IF SMD3>58.7 THEN PUT LIST("SMD3 DRY");
IF SMD1<0 THEN PUT LIST("SMD1 SAT");
IF SMD2<0 THEN PUT LIST ('SMD2 SAT' );
IF SMD3<0 THEN PUT LIST( 'SMD2 SAT' );
END MOV;
/*CROP SALT UPTAKE*/
/ * * ** * * * * * ******** * * * * **** ***/
RICEUPT: PROC;
DO I=1 TO 6; SCROP(I)=YIELDRI*RISEED(I)/100; END; END RICEUPT; 
SOYUPT: PROC;
IF MOISTURE=1 THEN YIELDSOY=2688; ELSE YIELDSDY=1680;













































































































SINFIL=0; SCR0P=0; SE7=0; SEROS=0; SR0FF=0;
CALL SUMFAL; END FER7;
/ * * * * * * * ** * * * * * *** * * **** *** *** **/
/*SALT BALANCE SUMMARY*/
/ * * * * * ** * * * * * *** * * * * * *** * * ***/
SUMFAL: PROC;.



















/ * * *** ** * *** *** *** ***** * * * * * *** **** /
RICEWAT: PROC;
SR1(WEEK)=SR1(WEEK)+SMD1; SR2(WEEK)=SR2(WEEK)+SND2; SR3(WEEK)=SR3(WEEK: 
+SMD3;
RDE=RDE + DE; RDT=RD7 + D7;
RDROFF=RDROFF + DROFF; RDINFIL=RBINFIL + DINFIL;





SB1(WEEK)=SB1(WEEK)+SMD1; SB2(WEEK)=SB2(WEEK)+SMD2; SB3(WEEK)=SB3(WEEK) 
+SMB3;
SDET=SDET + DET; SDINFIL=SDINFIL + DINFIL;
SDROFF=SDROFF + DROFF;





IF CROP>1 THEN DO;

































































FDET=FDET + DET; FBINFIL=FDINFIL + DINFIL;
IF DROFF<0 THEN DR0FF=0; FDROFF=FDROFF + DROFF;
FDRAIN=FDRAIN+DRAIN;
END FALWAT;
/*FINAL SUMMARY OF SALT AND MATER BALANCES*/
/ **** *** * * * * * * * * * **** * * * **** *** * ****** * * *** * * * * **** * * * * * * * * ** /
SUMMARY:
DO I=1 TO 6;
TET(I)= RT(I);
TINFIL(I)= RINFIL(I) + SOINFIL(I);
TFERT(I)= FFERT(I);
TCROP(I)= RCROP(I) + SOCROP(I);
TEROS(I)= FEROS(I) + REROS(I) + SOEROS(I);
TROFF(I)= FROFF(I) + RROFF(I) + SOROFF(I);
TSURF(I)=RSURF(I) + SOSURF(I);
FINPUT(I)= FFERT(I);
FOUTPUT(I)= FROFF(I) + FEROS(I);
FSTORAGE(I)=FINPUT(I) - FOUTPUT(I);
RINPUI(I)= RT(I) + RINFIL(I);




SOUTPUT(I)= SOCROP(I) + SOEROS(I) + SOROFF(I);
SSTORAGE(I)=SOIRR(I) - SOUTPUT(I);
INPUT(I)=RIRR(I) + SOIRR(I) + IFERT );
OUTPUT(I)= TCROP(I) + TEROS(I) + TROFF(I);
STORAGE(I)=RIRR(I )+SOIRR(I )+TFERT(I )-OUTPUT(I );
END;
XEROS=TEROS(1)*1E+6/(1180=*(ROT*10+1O));
RWATER=RDINFIL ; SWATER=SDINFIL - SDET; FWATER=FDINFIL - FDET;
RBET=RDE + RDT;
ET=RDE + RDT + SDET + FDET; INFIL=RDINFIL + SDINFIL + FDINFIL; 
ROFF=RDROFF + SDROFF + FDROFF;
TDRAIN=RDRAIN + SDRAIN + FDRAIN; TDIRR=RDIRR + SDIRR;
MATER=RWATER + SWATER + FWATER;
PRINTIT:
PUT SKIP EDIT( 'CA IS ',WAT(1))(A,F(4,2));
PUT SKIP EDIT( 'MS IS' ,WAT(2))(A,F(4,2));
PUT SKIP EBIT( 'NA IS ',WAT(3))(A,F(4,2));
PUT SKIP EDIT( 'K IS ',WAT(4))(A,F(4,2));
PUT SKIP EDIT( 'S04 IS ' ,WAT(5))(A,F(4,2));
PUT SKIP EBIT( 'CL IS ' ,WAT(6))(A,F(4,2));
PUT SKIP EDIT( 'YRS SOYBEAN',ROT)(A,F(3,0));
56
PUT SKIP EBIT( 'POTASH USED?-=',POTASH,' RATE ',RATE)(A,F(2,0),A,F(4,0)); 
PUT SKIP EDIT( 'SOYBEANS IRRIGATED',MOISTURE)(A,F(2,0));
PUT SKIP EDIT( 'CAEQ IS ',CAEQ)(A,F(4,2));
IF INFO=1 THEN DO;
PUT SKIP(2) LIST( 'RICE YEAR DETAILS');
PUT SKIP(2) LIST(' WEEK IRR RAIN RO INF EVAP TRANS ET SMD1 SMD2 SN 
D3');
DO WEEK=1 TO 52;
TOT(WEEK)=WATE(WEEK)+WATT(WEEK);




PUT SKIP(2) LIST( 'RICE FLOODWATER DETAILS');
PUT SKIP(2) LIST (WEEK DEPTH CA MG NA K S04 CL');
DO WEEK=22 TO 36;





PUT SKIP(2) LIST( 'SOYBEAN YEAR DETAILS');
PUT SKIP(2) LIST('WEEK IRR RAIN RO INF ET1 ET2 ET3 TOT SMD1 SM
D2
SMD3');
DO WEEK=1 TO 52;
TOT(WEEK)=WATUP1(WEEK)+WATUP2(WEEK)+WATUP3(WEEK);






PUT SKIP(4) LIST(' SALT BALANCE(KG/HA/YR)





IF INFO=1 THEN DO;
PUT SKIP EDIT( '-----------------RICE----------------- ')(X(27),A(24));
DO I=1 TO 6;




PUT SKIP EDIT( '-----------------SOYBEANS------------------')(X(25),A(28));
YR=ROT*10;
DO I=1 TO 6;



























































PUT SKIP EDIT(' -----------------FALLOW------------------')(X(26),A(26));
YR=ROT*10+10;
DO I=1 TO 6;






PUT SKIP EDIT( '-----------------ANNUAL------------------')(X(26),A(26));






PUT SKIP(3) LIST(' WATER BALANCE (CM/YR)
PUT SKIP EDIT('CROP','ET','INFIL','ROFF','RAIN','IRR','STORAGE') 
(X(3),A(4),X(11),A(2),X(8),A(5),X(6),A(4),X(7),A(4),X(7),A(3),X(6),A(7)
PUT SKIP EDIT(' RICE',RDET/10,RDINFIL/10,RDROFF/10,RDRAIN/10,RDIRR/10 
,RWATER/10)(A,F(15),(5) (F(11)));
YR=ROT*10;
PUT SKIP EDIT(' SOYBEANS',SDET/YR,SDINFIL/YR,SDROFF/YR,SDRAIN/YR 
,SDIRR/YR,SWATER/YR)(A,F(11),(5)(F(11)));
YR=ROT+10+10;
PUT SKIP EDIT(' FALLON',FDET/YR,FDINFIL/YR,FDROFF/YR,FDRAIN/YR 
,FMATER/YR)(A,F(13),(3)(F(11)),X(11),F(11));
PUT SKIP EDIT(' ANNUAL ',ET/YR,INFIL/YR,ROFF/YR,TDRAIN/YR 
,TDIRR/YR,WATER/YR) (A,F(12),(4)(F(11) ),F(11 );
PUT SKIP EDIT('CAC03 PER YEAR OF RICE IN KG/HA IS ',XCAC03/10)(A,F(6,0
));
PUT SKIP EDIT( 'EROSION IN KG/HA/YR IS ',XER0S)(A,F(7,0));
END SALTBAL;
//GO.WEATH DD UNIT=SYSDA,V0L=SER=WORK01,DISP=(SHR,KEEP),DSN=WEATH 
//GO.SYSIN DD *
4.0 2.5 1.0 .1 .5 .5 0 0 2 0 1
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